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(:Viii) 
:rnTRODUCT ION. 
In this country, during the past ten years or so, classifying 
centres and classifying schools have been set up at various 
places at the instigation of the Home Office to provide a 
preJ iminary sorting out, prior to their transfer to appropriate 
institutions, or the adult persons and children who are committed 
by the courts to a period of detention in prisons, borstals or 
approved schools. The need for the classification of offenders 
appears now to be recognised as a sound approach to their more 
enlightened treatment in which emphasis tends to be transferred 
away from the mere aspect of preventive detention and punishment, 
to that or training 'With the ulti:ma.te goal of rehabilitation 
into society always clearly in mind. Classifying centres for 
juvenile offenders, providing diagnosis of individual problems 
and specific recommendations for training and treatment were 
discussed by Burt 'as early as 1925 (l) as being likely 
developments of the future, and it can be said that the 
classifYing schools now in existence to deal with the continuous 
flow of juvenile offenders committed to approved schools, function 
broadly along the lines he visualised. The classifying centres 
which deal with those persons who are committed to borstals and 
(1) Burt, Sir, C. nThe Young Delinquent". 4th. edition Appendix II 
pp. 617- 627. 
prisons have adopted procedures and techniques sjmjlar to 
those in use in the classifying schools for child delinquents, 
though the organisation of the former establishments is 
somewhat different, as IID.l.Ch greater care has to be exercised in 
maintainjng the older offenders in safe custody(l). 
The Aycliffe Classifying School for Boys, which was opened 
in 1943 and which was the first of a series of similar schools to 
be opened in this country(2), functions as a c.ollecting and 
dispersing centre for all boys committed to approved schools by 
(#) 
the Juvenile Courts of Nortl:rumberland, Durham and North Yorkshire. 
The boys stay for a period up to eight weeks or so in the 
classifying school, living in small groups with housemasters. 
The housemasters are responsible for observing the boys 1 behaviour, 
for investigating home circumstances when necessary, and for 
preparing case histories. During this period each boy is tested 
by psychological and educational tests and is also thoroughly 
examined by a doctor. The senior boys in addition spend a week 
in the vocational selection workshop where they are allowed to 
try their hands at various kinds of practical tasks, and it is 
(1) Mannheim., H. and Spencer, J. nProblems of Classification in 
the English Penal and Reformatory Systemtt, published by the 
Institute for the Scientific Treatment of Delinquency in 1950, 
gives a clear picture of the process of classification in the 
various types of institutions. 
(2) The two other recently opened classifying schools for boys are 
Redbank, near Liverpool, which covers the North-\oJestern Counties, 
and Kingswood, near Bristol, which covers the South-Western 
Counties and South Wales. There are also two classifying schools 
for girls. 
in this workshop that their practical ability is assessed. A 
certain proportion of the boys, for 'Whom a psychiatric 
examination appears necessary, are referred to the consultant 
psychiatrist who visits the school at intervals. 
When sufficient. information has been gathered about a 
batch of boys, a meeting is held of all those persons who have 
handled them, and after discussion each boy is disposed to the 
type of Approved School where it is considered he will receive 
the education and training which will best meet his case. 
A classifying school thus provides a unique opportunity 
for the study of juvenile delinquency in its many aspects, and 
it was during the two years, 1948 and 1949, that the writer w.s 
privileged to reside in Aycliffe Classifying School and to 
carry out the investigation into the use of mental tests with 
approved school boys, which is the subject of this work. 
-oOo-
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I - THE AlM OF THE INVESTIGATION. 
The process of classification in an establishment such as 
the Aycliffe Classifying School, consists of bringing together 
as much information as possible about each child's environmental 
background, main personality characteristics, attitudes, 
I 
behaviour, emotional attachments, health and potentialities in 
schoolroom or workshop, so that from the total picture obtained, 
a reasonable diagnosis of the causes of the delingqent behaviour 
can be made. Once the diagnosis bas been arrived at, 
recommendations for treatment automatically follow, and each 
child is despatched with a full report to the training school 
where the prescribed treatment can best be carried out. In 
diagnosing the causes of delinquent and anti-social behaViour in 
a child and in recommending a specific type of treatment, a great 
deal depends on the level of intelligence of the child concerned. 
The accurate assessment of the intelligence of all boys who pass 
through a classifying school on their way to training schools is 
therefore of fundamental importance. From the general point of 
view, a knowledge of the distribution of intelligence in the 
"population" of boys who are committed to approved schools is 
necessary in order that educational policy and practice may be 
shaped along progressive lines. From the individual point of 
view, an accurate assessment of intelligence enables each boy to 
·be directed to the kind of education _for which he is best 
fitted; it enables mental deficiency to be detected and dealt 
with; it helps the educational psychologist to discover those 
cases whose educational backwardness is not due to poor 
intellectual ability, and finally, it provides a most important 
indication of the method of approach with regard to the individual 
treatment of delinquent behaviour. 
Boys who are committed to approved schools for a period-of 
training and education have normally appeared several times 
before a juvenile court prior to the occasion on which uommittal 
was considered necessary. The chief misdemeanours are stealing 
and brealdng and entering and it would be a fair generalisation 
z 
to say that the majority of these boys, by the time they reach an 
approved school are well on the vmy to becoming habitual criminals. 
Considered as a group they have several characteristics in 
common. For instance, reports from the ordinary day schools which 
they attended before committal, show that most of them are chronic 
truants. This may account to some extent for the lf:'act that nearly 
all show serious educational backwardness. The homes from which 
they come tend largely to be "broken" or unsatisfactory homes and 
it is clear, from a perusal of the case histories, that cultural 
and socialising influences have been, to a great extent, lacking 
in the environment in the majority of cases. Inside the approved 
schools they prove somewhat troublesome and difficult to handle 
"and present many problems of discipline which do not arise with 
ordinary schoolboys. 
The behaviour characteristics, general educational backwardness 
and limited cultural background of approved school boys are factors 
which might well be expected to modify their performances in 
intelligence tests so as to impair the accuracy of the assessments 
made. As a group, it would appear that their attention is over 
easily distracted; that they lack the ability to persevere and that 
they have a positive distaste for any task.which is long and tedious 
or is similar in nature to school work. In Burt 1s(l) opinion, the 
low estimates for general ability among delinquents obtained so 
repeatedly are due to the influences of the factors outlined above, 
and he states that "unless special manoeuvres be tactfully tried 
to circumvent their suspicion, and secure their goodwill, their 
apparent prowess will fall much below their veritable powers". 
With regard to the limitations imposed by educational 
backwardness and limited cultural background, it would be reasonable 
to expect that a number of the items appearing in intelligence 
tests, especially verbal tests, would be invalid. In other words, 
the boy~would be unable to answer the i terns, not because of lack 
of intelligence but because of their restricted knowledge and 
experience. It follows therefore, that tests Which have been 
(1) Burt, Sir C. "Mental and Scholastic Tests" 2nd.Edition 
Oct.l947 pp.201 - 2. 
standardised on a large representative sample of the total 
population may not provide satisfactory estimates when they are 
used with certain sections of the community. Tbattests, in their 
application to delinquents are not themselves beyond cavil has 
long been recognised by Burt(l). For instance, in the New 
Revision of the Stanford-Binet Scale (1937), already heavily 
criticised by him(2) on the grounds that "the standardisation 
of each problem in terms of mental age assumes that the order 
of difficulty is constant for the two sexes, for different types 
of children and above all for different localities", the whole 
principle of age assignment to problems would appear to make 
the test unsound in its use with delinquent boys whose 
educational attainment is on the average two years below mental 
age and whose environmental experience and opportunity has been 
sadly 1im.i ted. More re:e:entl.y, Blackburn ( 3) has stated that n the 
principal source of error in intelligence testing is the influence 
of different social environments upon test scores". 
The evidence presented in the foregoing discussion would 
seem to lead clearly to the conclusion that there are difficulties 
in the way of obtaining accurate assessments, by means of 
(1) Burt, Sir. C. 11Mental and Scholastic Tests". 2nd. Edition 
Oct. 1947 p.l98. 
(2) BUrt, Sir. C. "The Iatest Revision of the Binet Intelligence 
Tests", The Eugenics Review XXX 1939 pp. 255-260. 
4 
(3) Blackburn, J. "The Influence of Social Environment on 
Intelligence Test Scores". 1948, British Social Hygiene Council. 
5 
intelligence tests, of the innate ability of delinquent boys 
such as pass through a classifying school. Firstly, subjective 
opinion suggests that the attitude of such boys to both test 
materials and the test situation would, in general, be one of 
mistrust and non-co-operation, and secondly, because of their 
peculiar limitations of environmental experience and education, 
intelligence tests, standardised on a representative sample of 
the total population are not entirely satisfactory as a means of 
measuring their innate mental ability. 
After spending several months administering a variety of 
tests to numerous boys who were in transit through Aycliffe 
Classifying School, the writer decided that a planned investigation 
into the reliabilities and validities of a selection of these 
tests in relation to their use with approved school boys would 
provide, not only a mass of information of general psychological 
interest, but also information of practical value regarding the 
most suitable tests and techniques for use in classifying schools 
and other similar institutions(l). Accordingly, a battery of 
tests was prepared and put into operation in September 1948 with 
the assistance of the Classifying School teaching staff. The 
(1) Approved Schools, of which there are some 170 in this country, 
present hitherto an almost untouched field for research into the 
problems of juvenile delinquency. The writer, for example, was 
probably the.first psychologist to be appointed to carry out, in 
an approved school, an investigation of a psychological nature. 
intake to the school at this time averaged ten boys per week and 
it was found that this number formed a convenient unit to deal 
with from the point of view of a weekly testing progrannne. The 
battery was continued in use until the end of May 1949 and 
6 
during the period of eight and a half months, 327 consecutive 
entrants to the classifYing school were tested by it. In addition, 
subjective assessments of general intelligence were made by the 
housemasters, and in the case of the older boys, subjective 
assessments of practical ability were made by the instructor in 
charge of the vocational selection workshop. 
The 327 boys tested were considered to be fairly 
representative of the boys who pass through Aycliffe Classify:lng 
School. The range of chronological age was from 9 to 17 years 
and as this was considered to be rather wide9in the statistical 
treatment of the data, the sample was divided arbitrarily into 
lfJuniors 11 and "Seniorstt, the line of demarcation being taken at 
14 years 6 · months. 
The Battery of Tests and Assessments. 
I Verbal 1. Essential Form A. 
2. Essential Form B. 
3. Simplex. 
4. Stanford-Binet Form L. 
7 
II No:g.-Verbal 5. Progressive Matrices. 
6. N.I.I.P. 70/23. 
7. V.S.lO. 
8. T.S. 8. 
9. Aycliffe I. 
III Performance 10. Passalong. 
11. Kohs 1 Blocks . 
12. Cube Construction. 
13. Blocks Performance. 
IV Educational 14 •. Dictation. 
15. Composition. 
16. Arithmetic. 
v Assessments 17. 'General Intelligence. 
18. Practical Ability (Seniors only) • 
--oO::>-
II - THE TESTS AND .ASSESSMENTS USED m THE JNVEST !GATTON. 
VERBAL GROUP TESTS. 
1. The Essential Intelligence Test. 
Prepared and standardised by F.J. Schonell and R.H. Adams. 
This test, much ws prepared and standardised some years ago is 
now referred to as Form A of' the test, as the same authoru 
published a parallel form known as Form B in 1948. It contains 
100 items and is designed for use with children between the ages 
of' 7 and 12 years. A time limit of' 45 minutes is allowed to 
complete the test. A short practice test is given on the back 
of' each booklet. Published by Oliver and Boyd. 
2. The Essential Intelligence Test, Form B. 
Mentioned in note 1 above. 
3. The Simplex Jrmior Intelligence Scale. 
Prepared and standardised by C.A. Richardson. Like the two 
Essential tests it contains 100 items. A time limit of' 45 minutes 
is allowed. No practice test is provided. Published by G. Ha.rrap 
and Co. Ltd. 
4. The New Revised Stanford-Binet (1937). 
By L.M. Terman and M.A. Merrill. Form L of' this scale only 
was used. Published by G. Ha.rrap and Co. Ltd. 
8 
NON-VERBAL GROUP TESTS. 
5. ProgressiVe Matrices (1938). 
Prepared and standardised by J. C. Raven. This test 
contains 60 items, each printed on quarto size paper, the whole 
forming a booklet. Each item consists of a design or group of 
figures with a part missing. By observing the relationships 
which exist between the various parts of the design or figures 
forming the group, it is"possible to select from a number of 
pieces at the bottom of the page, one which will correutly 
complete the "matrix". There are 5 sets of 12 items in the 
test labelled A,B,C,D and E respectively. Each set develops 
a different theme. The initial items in each set are easy 
enough to be self evident, the others follow on becoming 
increasingly difficult. The test is suitable for children and 
adults. Although no time limit is made, the time taken for each 
individual to complete the test must be noted. It is essentially 
a test of an individual's capacity to form comparisons and 
reason by analogy. Published by H.K. lewis and Co. Ltd. 
6. National Institute of Industrial Psychology Group Test 7gl23. 
This non-verbal group test was designed by Slater (l) in 
1941. It is composed of 2 sub-tests as follows:-
(1) The construction of Group Test 70/23 is described by Slater in 
"Tests for Selecting Secondary and Technical School Children". 
Occupational Psychology (1941) XV (1), 10. 
Part I 25 i terns, time limit 5 minutes. Each item 
requires an analogy to be completed. 
Part II 28 items, time limit 8 minutes. Each item 
requires the arrangement of · 5 components so 
that they shall be put in series order. 
Practice examples are vrorked before both parts are attempted. 
Group Test 70/23 is obtainable from N.I.I.P. 
7 & 8. Vocational Selection No.lO & Technical Selection No.8. 
These two tests were designed by Peel(l) and are known 
briefly as V.S.lO and T .S.8. The same kinds of items are used 
in both tests and these are:-
(i) Pairs of patterns marked '!11' and "B1~ "A" is the correct 
pattern, "B" is identical except for a small mistake. 
By comparing "B" \.Ji th nAn the incorrect or incomplete 
portiop of "B" must be discovered and a cross placed 
·on the spot where the mistake occurs. 
(ii) Pairs of shapes or designs which are mirror images. 
These are marked "A' and 'W! A mistake has been made 
purposely in "B" and a cross must be placed on the 
exact spot where the mistake occurs. 
.10 
(iiD Repetitive patterns. A mistake has been made purposely 
in the repetition of each pattern. A cross has to be 
(1) A description of the items used in V.S.lO and T.S.8 together 
with illustrations is given by Professor E.A. Peel in 
11Evidence of a Practical Factor at the Age of Eleven", 
B.J.Ed.P. XU Part I. Feb. 1949. p.6. In this article he 
refers to these items as belonging to an earlier test which 
he designed and which he calls T.G.T. 
placed on the exact spot where the mistake in 
repetition occurs. 
Each of the tests is divided into three sections and each 
section has a 5 minute time limit. The tests are set out as 
follows:-
V.S.lO. 1. 9 items - pairs of patterns - 5 minutes. 
2. 10 items - mirror images - 5 minutes. 
3. 10 items - repetitive patterns - 5 minutes. 
T.S. 8. 1. 10 items - repetitive patterns - 5 minutes. 
2. 12 items - pairs of patterns - 5 minutes. 
3. 10 items - repetitive patterns - 5 minutes. 
11 
A practice example is given before each section is attempted. Both 
of these tests are obtainable from Professor E.A. Peel, Birmingham 
University. 
9. Aycliffe I. (Spabial judgment). 
This test, designed by the writer, is composed of 30 items 
which are presented 6 at a time on large sheets of white cardboard. 
The items are of three types and 4 alternative solutions are 
offered in each :amse. Items 1 to 12 (Cards I and II) require the 
mirror images of given shapes to be found; items 13 to 18 (Card III) 
deal with finding the shape which is the same as a given shape 
except that it has been rotated through an angle; items 19 to 30 
(Cards IV and V) deal with finding the shapes which are not only 
the mirror images but which have been rotated through an angle a~ 
well. 
At the top of each card is a practice item which is 
. 
explained and demonstrated by means of a cardboard model before 
the items on the card are attempted. No time 1im.i t is made and 
the supervisor w.its until everyone has finished a card before 
-
putting up the next one. The four responses offered for each 
item are lettered a, b, c and d, and the method of answering is 
to select the solution considered correct and write down its 
letter on the mark sheet provided. 
The method of presentation was devised to ensure that interest 
wouJ.d be sustained throughout the whole test and that the boys 
would have a clear presentation of the problems to be solved at 
regular intervals. It is desirable that the test should not be 
given to more than 8 boys at one time so that all may have a good 
view of the card set up before them. 
The 30 items comprising the test were selected after a 
number of experiments had been carried out and an answer pattern 
made from the scores obtained by a sample of approved school boys. 
A representation of Card I is given in Appendix I. 
PERFCRHANCE TESTS. 
10, 11 and 12. Alexander's Performance Scale, 
This scale, which comprises three individual performance 
tests, w.s devised and standardised by vi. P. Alexander. The tests 
making up the battery are Passalong, Kohs 1 Blocks and Cube 
Construction, and together they make about 40 minutes to administer 
l.l 
to one individual. Each of the three tests is made up of a 
number of items which are carefully graded in order of 
difficulty. The scoring is done by taking the time in seconds 
, required to complete each item successfully, and then to 
transform this time to a score by means of a standardised table 
provided by Dr. Alexander. The total score for each of the 
three tests is obtained by adding together the marks obtained 
in the respective items. 
The material for the performance scale is obtainable from 
Thomas Nelson and Sons Ltd. 
13. Peel's fractical Abilities Test. 
This practical abilities test designed by Peel(l) is 
composed of two sub-tests, P.T.l and P.T.2, the former containing 
14 items and the latter 15 items. The principle involved in both 
sub-tests is the same •. In each item of the sub-tests four or 
five irregular shaped blocks are set out before the individual 
who is being tested. He must select two of the blocks and 
assemble them on the table so that they match, in the case of 
P.T.l, a half scale model made of concrete, and in the case of 
P.T.2, a perspective picture of the model required. Thus 
sub-test P.T.l consists of 14 sets of 4 or 5 blocks of wood with 
a small concret model beside each set, and sub-test P.T.2 
consists of 15 sets of 4 or 5 blocks of wood with a picture 
(1) Peel, E.A. B.J.~d.P. XIX Part I Feb.l949 pp. 5 and 6. A 
description of P.T.l. and P.T.2 is given together with 
photographs of one of the items from P. T .1. The version 
of P. T .1 used by the loll'i ter contained two fewer items than 
the version originally used by Professor Peel. 
(about postcard size) beside each set. The items are laid out 
on tables in order of difficulty and the indiVidual doing the 
test progresses without loss of time from one item to the next, 
leaving his completed assemblies on the table to be marked by 
the supervisor. 
To ensure that the individual tested shall Wlderstand what 
is required of him, two practice demonstration items are given 
before each sub---test. 
The time limit set by Professor Peel, for technical school 
students, ws 9 minutes but this was foWld to. be too shor:t for 
approved school boys. Eventually, after some experiments, a 
time limit of 12 minutes was fixed for each sub-test. The score 
obtained in each sub-test is, of course, the number of correet 
solutions in the time limit. 
The test material may be borrowed from Professor Peel for 
research purposes. 
ATTAJNMENT TESTS. 
14. Burt's Test No.7. Dictation (Continuous Graded Test). (l) 
The set piece devised by Burt is made up of 97 words which 
make a total of 500 letters. The words which increase steadily 
in difficulty, are strung together in phrases and sentences 
which carry some degree of meaning. Burt's method of marking 
(1) Burt, Sir.C. "Mental and Scholastic Tests 11 • 2nd. Edition 
Oct. 1947. Test Material Appendix I. p. 383. 
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"the test is. to give one mark for every letter correct. The 
writer, however, adopted the method of giving one mark for each 
word completely correct. (l) 
15. Composition. 
The conditions for writing the composition vrere standardised 
as far as possible by having a set piece printed at the head of 
each boy's paper. The piece Provides the opening sentences of a 
story which has to be completed in 15 minutes. 
In the case of the sample of boys tested at Aycliffe School, 
the 'marking' was done subjectively by the writer by reading 
through all the compositions and sorting them into grades 
according to the quality of their content. Fertility of ideas 
and fluency of expression were the main bases of the gradings, 
inaccurate spellin§, lack or misuse of punctuation and 
ungrammatical construction were more or less ignored. After 
several readings, 13 grades were arrived at and each composition 
was then given a mark corresponding to its grading on a 13 poin~ 
scale. (See Appendix III). 
16. Mechanical Arithmetic. 
This test was composed of 40 small SUlllB (12 of them oral 
mental arithmetic) which covered fairly adequately the addition, 
subtraction, multiplication and division of numbers and money. 
One mark was given for each correct answer. 
(1) In the sample of approved school boys tested, the v~iter's 
method of marking gave a symmetrical distribution of scores 
which was more acceptable for calculating correlations than 
the distribution obtained by Burt's method which gave a 
distribution heavily bunched towards the "top" end. 
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.SUBJECTIVE ASSESSMENTS. 
17. General Intelligence. 
All boys who were tested by the battery of tests described 
above, were also subjectively assessed for general intelligence 
by their housemasters. The assessments were made on a 15 point 
scale as shown below:-
Very 
dull 
Below 
average 
Above 
average 
Sup-
erior 
Very sup-
erior 
indeed. 
-2 
., 
-1 0 i 2 3 4 -6 -5 -4 -3 5 6 7 
--------Below--------- ------Average--- ---------Above-----------
The four housemasters of the Aycliffe Classifying School took 
part in the experiment and made assessments for the boys who 
passed through their respective houses. Thus, each ho~semaster 
contributed approximately one quarter of the total assessments 
made. 
It was hoped that these subjective assessments of general 
intelligence would provide some sort of criterion for estimating 
the validity of the tests composing the battery. That these 
assessments themselves would be doubtful quantities was fully 
realised. Nevertheless, the amount of agreement or otherwise 
which would be found to exist between the objectively measured 
test scores and the assessments was considered to b~ of sufficient 
interest to warrant them being carried out. 
A copy of the written instructions and suggestions issued 
to the housemasters to help them 1n making the assessments is 
shown in Appendix: II. 
18 •• Practical Ability. 
The subjective assessments of practical ability were made 
for senior bQJS only and were graded on a 15 point scale, 
identical with that used for general intelligence, except that 
in the case of Practical Ability gradings, -5 and -6 were 
labelled "very poor" and -7 'WB.S labelled 11nd ability whatsoever". 
The assessments were made by the instructor in charge of 
the vocational selection workshop. 
The purpose of the assessments v~s to provide a set of 
gradings for comparison with the scores on those tests in the 
battery which purported to measure practical ability. It 1m.s 
considered that as the assessments were made after the boys had 
been observed closely for the period of a week while attempting 
various practical tasks in the vrorkshop they would provide a 
reasonably satisfactory criterion. 
In addition to the above tests, an estimate of each boy's 
reading a&e was obtained. Burt's Test No.1. Reading (Accuracy)(l) 
ws used for this purpose. This test consists of 110 words which 
are arranged in order of increasing difficulty. To each age 
from 4 to 14, 10 words are assigned. The child tested has to 
read aloud the vrords in suucession till he can read no more.-
(1) Burt, Sir. C. 
October 1947. 
"Mental and Scholastic Tests" 2nd. Edition 
Test Material Appendix I. pp. 367 - 9. 
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His score, which is the total number of words pronounced 
correctly, can readily b~ converted to a reading age by the 
formula -
Reading age Words 10) years. + = 
-oOe-
III - TEE TEST RELIABILIT lES. 
1. The Reliability Coefficient. 
The scores obtained in psychological tests are always 
affected by what are known as errors of measurement. No 
matter how carefully a test is constructed and standardised, 
or how carefully the conditions of administration are 
controlled, it is inevitable that the scores obtained will 
contain a certain amount of error. This means, in other 
words, that if a group of persons produce scores on a test, 
then it can never be certain that these scores represent either 
their true ability or what they would obtain if it were possible 
for them to do the test again under comparable conditions. 
By applying a test on two occasions under similar 
conditions to the same group of individuals two sets of scores 
are obtained. If there is a high degree of correspondence 
between these two sets of scores the test is said to be 
reliable and to measure with an acceptable degree of accuracy 
the function or ability which it purports to measure. If, 
on the other hand, there is little correspondence between the 
sets of scores, the test is said to be unreliable and little 
faith can be put in the scores obtained on it. By calculating 
the correlation between the sets of scores obtained by two 
19 
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!lPPlications of a test the amount of agreement between them-
can be expressed mathematically, the figure obtained being 
called the Reliab~lity Coefficient. 
In practice, repetition of the test is not always a very 
satisfactory method of estimating the reliability coefficient. 
If the time interval between the two applications is too short, 
the answers to the items are remembered arid the correlation will 
tend to be higher than it should be. If, on the other hand, the 
time interval is too long, factors of growth and learning and 
other causes will operate and the correlation will tend to be 
reduced. Most of these difficulties can be overcome by u 
carrying out the re-test with a parallel form of the original 
test. This method, however, is limited in its usefulness since 
few tests are pubUshed with parallel forms. When a parallel . 
form is not available the "Split-half11 method can be adopted. 
This has the advantage that the reliability coefficient c~ be 
calculated from a single application of the test to a gro~ of 
individuals. The procedure in this method is to administer the 
test to a group in the normal manner and then to record as 
separate totals the number of marks obtained by each individual 
in the odd and even items. The correlation between the two sets 
of marks thus obtained is the reliability coefficient of a test 
half as long as t.he original test. Since reliability depends 
on the length of a test, a correction must be applied to obtain 
20 
"j:.he reliability coefficient of the test as a whole. This is 
done by the Spearman-Brow formula as follows:-
2r 
R = 
1 + r 
where r is the correlation obtained from the split-halves, and 
R is the correlation to be expected had it been possible to 
compare the whole of the test with another similar test. 
The conditions under which the reliability coefficient 
of a test is estimated by the three methods outlined above, 
are different in each case and the resulting estimates of 
reliability are of course different. The split-half method 
probably gives the coefficient of reliability nearest the true 
value, though in actual fact it is very likely too high. 
2. The Kuder Richardson Method of Estimating Test Reliability. 
A rather different approach to the problem of estimating 
test reliability was made by Kuder and Richardson(l) in 1937. 
Their method, which makes use of data normally required in 
item analysis, provides another method of calculating the 
reliability coefficient from a single application of a test to · 
a group of individuals. 
A series of formulae are derived (the best known perhaps 
(1) lfuder, G.F. and Richardson, M.V. "The Theory of the 
Estimation of Test Reliability11 • Psychometrika II (1937). 
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-being Formula 20) from what Burt considers to be a rather 
formidable and highly speculative set of assumptions(l). 
The reliability coefficient is defined as "the correlation 
between one experimental form of a te~t and an hypothetically 
equivalent form". 
Two tests (or two forms of a test) are define$1 as being 
equivalent when corresponding items in either test 
(i) have the same difficulty 
(ii) have the same correlation w:i. th each other as they 
have with themselves 
(iii) have the same correlation with all other 
corresponding items, 
( i v) and are, in fact, generally interchangeable • 
It is then assumed that for all practical purposes all the 
inter-item correlations may be taken as approximately equal 
to the average item self correlations, and finally, that their 
standard deviations are approximately equal. 
Formula 20 as derived by Kuder and Richardson gives the 
reliability coe~ficient of a test of n items as 
~~~-;?~~ = n (n - 1) 
( 1) Burt, Sir. C. "The Reliability of Teachers 1 Assessments of 
Their Pupils". B.J.Ed.P. Vol.l5. 1945 pp. 80-92. 
where <1; • the varianCe of the test as a whole and 
P = the mean variance of the n 1 tems. j qj 
The Kuder Richardson formulae, because- of the rather 
artificial and restrict! ve nature of the basic assumptions 
have been severely criticised and Kelle;y{l) considers that in 
their final form they are utterly suspect and seems disposed 
to reject them altogether. Ferguson{2) bas also derived the 
Kuder Richardson formula, adopting similar yet less restrictive 
assumptions and invoking as an alternative tinal postulate 
that the 11average inter-item covariance• ma;r be taken as being 
equal to what ma;r be called the 8 average item self-covarianoeu. 
Burt{.3) however, considers that it woul.d be as ditficult to 
demonstrate for a.rq given test that the component i teas obey 
Ferguson's alternative requirement as to prove that they conform 
't9 those laid down b;y Kuder and Richardson. 
The theoretical 0 wealmesses• involved in the derivation 
of these formulae have, however, been no deterrent to their 
practical application and most test constructors have made use 
of them at one time or another in calculating test reliabilities. 
(1) Kelley, T. L. 11Tbe Reliability Coefficient•. 1942 Ps;ychometrika 
vn p.Sl. 
(2) Fergusgn. G. A. "The Reliability of Mental Tests11 , 1940 p • .31. 
(.3) Burt, Sir C, 11The Rellabili ty of Teachers Assessments of their 
Pupils8 • B.J.Ed.P. Vol.l5 1945 pp. SO- 92. 
More recently' O,lJl:fksen (l) has derived the Jfuder 
Richardson formnlae by starting with two tests that are 
parallel item for item and by' assuming that the average 
covariance among non-parallel items is equal to the average 
covariance among parallel items. This assumption which is 
the same as Ferguson 1 s f'inal postulate, stated mathematicall7 
J188l38 that 
rij ~ 1 d' j is taken to be equal to rii ct f 
Lawley(2) has shown however that 
2 
r ij U' i (I' j is always --==--=-· r ii CF i 
which means that estimates of' reliability by the Kuder 
Richardson f'ormulae are always likely to be under-estimates. 
Gnlliksen points out that GuttmanP) who has presented a 
theor;r of' reliability in terms of estimation of' •lower bounds• 
f'or reliability, has derived a f'ormula (~) which is identical 
. with Formla 20 of' Knder and Richardson, and which in Guttmu•s 
opinion gives a lover bound or under-estimate of' reliability~ 
(1) GW.Hlq!en, H. "Theory of' Mental Tests• (Chapman and Hall Ltd. 
1950) pp. 221 - 227. 
(2) An unpublished memorandum (19th.Aug.l945) at Moray House 
Room 70, Edinburgh, by D.N. Lawley. 
(3) Gutt.mAn. L. 9 A Basis for ADalyaillg Test-retest Reliabillty'l. 
Psyohometrika X (1945) pp.255 - 282. 
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.3. The Application of the Teshn1gue of AMlysis of Varianqe 
A simple but :fund&l~Wintal principle involved in the study 
of test reliability is the concept that perso:as haw atrue• 
scores from which their actual scores deviate, due to errors 
of :measm-ement. The variance of the empirical scores can be 
analysed, therefore, into two components, that due to the true 
marks and that due to errors ot measurement. 
. 2 
If' the variance of the actual scores be denoted by tr t 
2 2 2 ~ 
then 6 t = (T g + ~ e 
where tr 2 = the variance of the true scores g 
and tr 2 = the variance due to errors of measurement. 
e 
The correlation between the true marks g and actual marks t 
is equal to the ratio of the standard deviation of the true 
marks and the actual marks, thus 
rtg = the index of reliability = 
If' we imagine the test to be attempted by the same group 
of persons on two precisely equivalent occasio:as, the asstiiBPtion 
being that the proportionate disturbance due to error v.l.ll be the 
{1) Gnildford, J.P. "Psychometric Methods• .• Mc.Graw-Hill 
Publications 19.36, p • .304 and p. 41.3. 
{1) (2) 
(2) Q.gl ligen, H. •Theory of Mental Tests0 • Chapman and Hall Ltd. 
1950 p. 2.3. 
same on both presentations, then, by the product theorem, 
zz the reliability coef'f'icient = rtg x rt'g = o- 2 + .,. 2 
g e 
This is another definition or reliability and as Bart 
has shown {2 ) , it opens the way tor the application ot the 
technique or analysis ot variance to the problem of estima:tiDg 
test reliability. Hoyt {3) and Jackson and Ferguson ( 4 ) have 
·also discussed the use of analysis of variance in this field 
but as Burt deduces formalae which have al.ready been derived from 
quite different premises, his theoretical discussion is given 
below:-
Let there be N persons assessed by n sub-tests or test 
items {referred to as tests). 
Let Xij denote the i th person's rav score in the j th teat. 
Let x1j be the same reduced to deT.i.ation form. 
fhe basic assumption is that x13 (and therefore xij) 11JB.Y be 
analysed as the unveighted sum of' three varying components due to 
(i) the person tested 
( 11) the test used 
(iii) a random error 
(1) Hftlng, Rhodes and. Burt· 11The Marks of Exam1ners11 • 1936 
Memorandum I p. 278. 
(2) Burt• Sir c. 8 The Reliability or Teachers' Assessments of 
Their Pu.pils11 • 'B.J.Ed.P. Vol.l5 1945 pp.SO- 92. 
(3) Hoyt, C. 11Test Reliability obtained by .Analysis of' Variance•. 
1941 Psychometrika, 6, pp. 153 - 160. 
(4) Jacks9n, R. W.B. and Ferguson, G. A. 11Studies on the Reliability 
ot Tests 11 • Bulletin No.l2 Dept. of Ed.Research, Toronto 
;lJniversity. 
(1) 
TJrl,s is expressed as 
where A is the average of all the raw scares, 
pi the i th person 1 s average mark in the n tests, 
t j the average mark of the B persons in the j th test, and 
e ij the error of measurement 
Squaring both sides of the above equation, the ·total sum 
of squares can be split into three components each consisting 
ot liT x n squares 
or s p + T + E 
To find the variances, the square sums .. are divided by the 
corresponding degrees or freedom 
-
= p T = T E • E 
(N-1) (n-1) (n-1)01-1) 
If' t i denoteS the •true valueD Of i IS total mark g ~ 
then 
- 1"2 .2 6'2 p 
= + and E = g I e 
Thus tr2 p -
rtt 1 = 
g 
-
E 
= 
r2 + 0" 2 p 
g e. 
2'Z 
= nP- (S-T) 
(n-1) p 
_a_ s 1- (S-T)) •••..••• 1. 
= n-1 1 nP ~ 
Equation 1 above provides a speedy method of calculating 
the reliability coefficient of' a test which is composed of 
sub-tests each of' which has a range of marks. Burt points out 
that the ltandamental ass1.111ption is that the standard deviations 
of the sub-tests do not differ significantly. This eonaU tion 
is not likely tO be attained, however, Burt considers that ewn 
wide discrepancies in this respect entail no serious difficulty. 
In tests composed of items instead of sub-tests, and where 
the items are given marks 1 or 0, T = 0 and Equation 1 reduces 
to 
rtt• = ..Jl.. { l 
- ;1 n-1 
_!_ {l [cr~ = - G'2 n-1 t 
where fr ~ = the variance of the jth test item. 
2 It can be shown that tr j = pj qj 
•••.•••• 2. 
where pj • the proportion of testees answeriDg the item correctly 
and qj = 1 - p~ 
Bence equation 2 becomes 
n 
=-
•••••••••••• .3. 
n-1 
Equation 3 is identical with Formnl.a 20 of Knder and Richardson. 
4. Faqtors Influenc'PS Test Relinbility. 
Guildferd(l) gives a list of 22 factors which affect test 
reliabiUty. Most of the factors he eDlllll9rates can be regarded 
as extremely useful points to be borne in mind in constructing 
and administering tests. Three of them, however, are of more 
ftmdamental importance and are vortey of special mention. They 
are - the length of the test; the degree of heterogeneity of 
the group whose scores provide the reliability coefficient, and, 
tanction fluctuation. Vernon (2) also considers these three 
factors to be of .pri.mar;y importance. 
(i) The Length of the Test. 
The reliability of a test depends to a very large extent 
on its length. The longer the test, that is the more items it 
{1) GniJ gfo;d, J.P. 0 Psychometric Methods. (McGraw-Hill 
Publications 1936) • pp. 417 - 418 
(2) Vernon. P.E. 11'fbe Measurement of Abilitie~11 • (U.L.P.Ltd., 
1940) pp. 145 - 149. 
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eontaiDs, the more reliable it will be. Theoreticall.y it is 
possible to inorease the reliabill ty of a test alJaost 
indefini tel)" by adding more and more items, but of course, 
practical considerations prevent this being done. 
If a test bas a reliability coefficient r, then it is 
often desirable to find out how much longer the test must be 
to raise the reliabill ty coefficient. to a mere acceptable 
level. This is done by applyiDg the general form of the 
Spearman-Brow Formula. 
R = 
1 + (n-1) r 
where n is the lliiUlber of times the test must be lengthened. 
( ii) Group Heterogenei t:r. 
Scores obtained from a group with a wide range of 
chronological age and ability will give a higher reliability 
coefficient than vould be obtained from the scores of a group 
with a more restricted range ability. For this reason it 
is desirable to relate a reliability coefficient to some 
standard group of individuals, and it is nov accepted by most 
authorities that a single year group, that is all children 
whose ages range over one year (or a representative sample 
of such a group) 1 is the most reasonable to use for this 
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purpose. This fact must be borne in mind when interpreting 
the reliability eoefficients obtained in the present 
investigation, as the range of age and ability in both 
Senior and Junior groupe was considerable. 
(iii) Function nuctuatiop.. 
When a group of indi T.tduals is retested with either the 
same test or a parallel form, part of the discrepancy between 
the two sets of test scores is due to the level of aebievement 
of the individuals having cha.Dged between the two applications 
of the test. This variation of performa.Dce bet wen test and 
retest is called function fluctuation. 
Naturally, function fluctuation has a greater effect on 
reliabilit7 coefficients obtained by retesting or by' app:cyillg 
a parallel form than on those obtained b7 the split half' method 
or by' the Kllder-:aichardson formula. For any particular test, 
the difference between the reliabilit7 coefficients 
calculated by the former and latter methods serves to indicate 
the tendency of the group concerned to fluctuate w1 th regard 
to the function or ability measured by the test. Tbouless (l) 
bas prortded a formula for estimating function fluctuation 
from this difference. 
(1) TholJ.less, R.H. PTest Unreliability and Function Fluctuation•. 
B.J.P. 19.36 XXV pp • .325 - .34.3. 
Coeff'ieigts of' the Tests in the Battery. 
In the preceeding discussion it has been sholiiil that the 
various methods available for estimating reliability coefficients 
are based on different asswnptioDS and therefore give different 
results. As the aiJn of the investigation vas to determine the 
extent to vhieh intelligence tests are reliable when used with 
approved school boys, it was considered that, if' possible, one 
method should be used for all the tests in the ~ttery as this 
would permit valid comparisons to be made between the coefficients 
obtained for the different tests. 
From this standpoint -
(i) the test-retest method could not be entertained 
seriously :f'or general application to the battery, 
firstly, because of the amount of' labour invo~ved, 
and secondly, because of the nryiDg and ttnpredictable 
influences of practice effect and function fluctuation. 
(ii) The parallel form 11ethod could be used only with 
Essential A. since parallel forms are not available 
for the other tests. 
(iii) The split-half method could be applied only to 
Progressive Matrices; Aycliffe I and Kohs' Blocks, 
as the othe~ tests do not lend themselves to being . 
split into equi'Val.ent halves. 
It was therefore decided to use the K'Dder-Richardson method 
~ince it could be applied to the majority of the tests 'Without 
great difficulty. 
The reliability coefficients of the following tests were 
calculated by means of Formula 20 -
Essential A. 
Stanrord-Binet Form L. 
Progressive Matrices. 
N.I.I.P. 70/23. 
V.S.lO. 
T.S. S. 
4cliffe I. 
Blocks Performance. 
For Passalong and Kohs 1 Blocks, however, the split-half 
method was used. In both these tests the items are rea:l.1y 
small sub-tests and in the case of Kohs 1 Blocks the total 
scores made by the individuals in the group on items 1, 3, 
5, 7 and 9, were correlated with the total scores on items 
2, 4, 6, S and 10. The Spearman-Brown formula was used to 
boost the correlAtion obtained to what would be expected for 
the full-length test. In the Passalong there are only nine 
sub-tests and in this case, the total scores on items 1, 3, 
5, 7 and 9 were correlated with the total scores on items 
2, 4, 6 and 8. The Spearman-Brow formula 'W&.S again used to 
lift the·- correlation obtained to what would be expected for 
the full-length test. The use of the spli t-balf method for 
oalculating the reliability coefficient of the P.assalong test 
is open to criticism in view or the unbalanced nature or the 
two equivalent 0 balves•. The "f&.lues obtained therefore, are 
offered as nothing more than rough estimates. 
Cube Construction is made up of three itelllS or sub-tests 
and in this case it was considered that the most sui table 
method of calculating the reliability was by the method of 
analysis or variance recommended by Burt. In the case of the 
Junior group, a 3 x 159 analysis or variance table was 
constructed and the total sum of squares and the BUlliS of 
squares due to persons aDd tests calculated. The sum of 
squares due to error was obtained by straightforward 
- -subtraction. From the variance P and E, rtt' was 
calculated quite simply :from the formula 
- -P-E 
= p 
The reliability coefficient for the Senior group was 
calculated in exactly the S8JD.e way though in this case, a 
3 x 168. ana.lysis of variance table was used. 
Reliability coefficients were not calculated for 
Essential Form B and Silllplex as it was considered they would 
be of the same order as that obtained for Essential Eorm A. 
The use of Formula 20 to calculate t:tle reliability of 
~he Stanferd-Billet test is something of an ilmovation. 
lormal.l.Jr', the reliability- of this test is estimated after 
retesting with Form. M of the scale. As has been pointed out, 
the Knder-Richardson method has the advantage of permitting 
the reliabilitr coefficient to be calculated !rom one 
application of the test. The procedure was as follow. 
For the Junior group, all boys passed the items in Year VI 
and all failed the last three items in Superior Adult m. 
The test was therefore regarded as a test containing 71 
items rangiDg from Year VII, 1 to S.A.III, 3. The reasonable 
assumption is of course, that each individual in the group 
passes all items below his basal year and fails all those in 
the years above the 78&1" in vhi.ch he fails all items. 1JV 
giving one mark for euh item passed out of the total of 71 
items and zero for each item f'ailed, the proportion of 
individuals in the group 'Who passed each item. was readily 
calculated. The standard deviation of the total scores of the 
individuals in the group ws also easily obtained. From these 
data, the reliability- coefficient can be calculated by- me&IlB 
of Formula 20. It should be noted that in the calculation of 
the reliability- coefficient, the standard deviation used 'W&S 
obtained from scores on the test in which 1 or 0 were allocated 
to the i tellS. It is therefore quite different from. the standard 
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deviation of the test in terms of meDtal age {.quoted in Table II) 
which 'W8B calculated separately. The reliability coefficient 
· f'or Form L for the Senior group was calculated in e:xactly the 
As already mentioned, the total sample of boys tested ws 
dtidded into two groups f'or the purpose of calculating the 
reliabilit7 coef.f'ieients of the tests. It was considered 
necessary to do this since coefficients obtained from the 
total sample wtil.d have been spuriously boosted by the extreme 
range of ability. Apart .f'rom this consideration, however, it 
was felt that the two coefficients .f'or each test would provide 
important information regarding the reliabilities at different 
age levels. It is admitted that the range o.f' ability in these 
Junior and Senior groups is still large and perhaps greater than 
would exist in a single year group, so, to avoid criticism on 
this account, the 8 Sta.Ddard Error o.f' J.i3asurement" has been 
quoted with each reJiaJil1ty coe.f'ficient. 
The Standard Error o.f' Measurement = t1' ~· l - r 111 
where r 111 is the reliability coe.f'ficient of the test and tr is 
the standard ~tion of the scores from which the reliability 
has been calculated. It bas the advantage that it is more or 
less independent of the range of abilit1 in the group. Its 
ilrterpretation together with an illustration are given in the 
next seotion. 
The reliability coefficients and other relevant intomation 
are given in Table II (p.42). 
6. C211!!!!ftJ1ts on the ReliebiHtx Coef'figients grt.aiood. 
It has been pointed out by Vernon(l) that a reliable test 
must have a reliability coefficient of at least 0.9 and that 
coefficients lower than this would indicate that the scores 
are too unstable to be trusted. A glance at Table II shows 
that ollly three tests in the battery pass this requirement, 
namely, Essential Form A; Stanford-Binet and Progressive Matrices. 
Furthermore, these three tests are acoeptabl;r reliable for both 
Junior and Senior groups. It is assumed that Essential Form B 
and Simplex would also have reliability coefficients greater 
It w.s considered. that to approved school boys, the three 
verbal group tests of intelligence, of all the tests in the 
battery, might well appear the most dull and uninteresting, 
requiring as they Q.o, about 45 minutes each of close application 
to verbal material and that the boys' unfavourable reactions to 
these tests might have the effect of lowering the reliabilities. 
The fact that Essential Form A. bas a high reliability -would 
tend to show, therefore, that approved school boys do apply 
themSelves with consist~nt effort to such tests. This conclusion 
(1) Verp:on. P.E. 0 The Measurement of' Abilities11 • 1940 p.l45. 
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~s further borne out by the high correlation between Essential 
Form A and the parallel Form B for both Junior and Senior Groups. 
The correlations can be regarded of course as reliability 
coefficients obtained by the parallel form method. Owing to 
the time interval between test and retest, function fluctuation 
has some effect and the coefficients are somewhat lo'\-rer than 
those obtained by the Kllder-Richardson method. 
The values are show. below in Table I. 
TABLE I. - EssentW Form A reliabili ties by two methods. 
Method of calculating the Juniors Seniors 
Reliability Coefficient. rll• rn• 
Form A (Knder-Richardson) .9.32(N = 116) .. 9.38(N = 117) 
Form A, - Form B .886(N = 100) .88.3(N = 135) 
By using Fisher1 s 11 ZU transformation(!) it can be shown that 
the coefficients obtained by the two methods are different by 
amounts which are statistically significant. 
To sum up, illl the writer• s opinion, the results obtained 
for Essential A, are little different from what would be expected 
from a hundred or so ordinary school boys of comparable age range. It 
(1) Fisher. R,A. 11Statistical Methods for Research Workers". 1946 
edition. pp. 197 - 210. 
l!DJBt be remembered however, that verbal group intelligence 
tests are limited in their application to approved school boys 
since about one third of them are unable to produce valid 
scores because of reading difficulties. This problem is 
discussed in Chapter V on page 68 • The reliability 
coefficients of H.I.I.P.?0/2.3, V.S.lO, T.S.S, Aycliffe I, 
and Bl.ocks Performance would appear to be 1imi ted by the fact 
that each of these tests contains too few items. On estimating 
what the reliabilities would have been(l) had each of the tests 
contained 100 i tams, it was found that most of them. reached or 
passed the value of o. 9. This is of theoretical interest only 
as the nature of the test material would prevent the tests being 
lengthened by this amount, especially, for example, ill the case 
of Blocks Performance. 
In Alexander's Performance Scale, 'Kohs 1 Blocks would 
appear to be extremely promising as a performance test, and it 
is suggested that the extended test of 17 ij;ems as originall7 
used by Kohs(2) would prove to have a highly satisfactory 
reliability coefficient. 
Before discussing the Stanford-Binet Form L, it is 
necessary to op:J.pn bov the 11Standard Error of Measurement0 
(1) The general form of the Spearman-Brown Formula was .'&Sed for 
this calculation R == 1 + (n:i) r (See page .30 ) • 
(2) Kohs, s. c. •Intelligence Measurement". (192.3). 
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may be interpreted. An individual who obtaiDs a score on a · 
test also possesses what may be called a 8 true8 score, that 
iS a score which represents his true ability in the test. True 
scores, of course, oan never be measured and it is unlikely 
that an actual score v.ill. coincide with the true score. If 
the test be given to the indi vidnal a large nmnber of times 
{assllllling this to be practically possible) the actual scores 
obtained would distribute themselves no~ and the mean of 
the dlistr~ion would, in fact, be his true soore. · Two thirds 
of the actual scores obtained would be expected to fall within 
the range of one Standard Error of Measurement on either side 
of . the true score. For example, it a boy in the Junior group 
having a true score of 30 in Progressive Matrices were to 
repeat the test a large number of times, then two thirds of 
these scores 'WOuld f'all within the range of 30 plus or mimls 
2. 79 points. The Standard Error of Measurement is to a large 
extent independent of the range of ability {measured by the 
standard deviation) in the group of individuals .fro:m whose 
scores the reliability coefficient is cal.oulated. 
The Standard Error of' Measurement of I. Q. for the Stanford-
.. 
Binet Scale was found by Terman and Merrill (l) to vary, being 
greater at the higher I.Q. levels than at the lover. The 
{1) Termen. L.M. and :Merr1J1. M,A. lfMeuuring Intelligence0 • 
(1937) pp. J5 - 46. 
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average ot their figures gives a mean value ot just over 4 
points ot I. Q. This is extreme~ low in view ot the tact 
that the figures were obtained by testing with Form Land 
then retesting w1 th Form M. The Standard Errors ot 
Measurement optained tor the Junior and Senior groupe 
(5.90 and 6.69 respectively) given in terms ot mental age, 
have roughly simi]ar values in terms ot I.Q. and although 
the figures are higher than those obtained by Terman and 
Merrill, it is concluded that the Scale is still highl.y 
reliable when applied to approved schaol boys. 
-oOo-
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I 
TESTS 
Essential Form A 
Stanford-Binet Form L 
Progressive Matrices 
N.I.I.P. 70/23 
V.S.lO 
T.S. 8 
Aycliffe I 
Alexander (1) Passalong 
( 2) Kohs Blocks 
( 3) Cube Construction 
Blocks Performance 
Number 
of 
items 
100 
(J) 
53 
29 
32 
30 
9 
10 
3 
29 
Num'Qer 
of boys 
in sample 
l 
) 
I 
1 
I 
! 
\ 
I 
I 
! 
\ 
l 
I 
l 
! 
116 
156 
157 
158 
157 
156 
156 
159 
159 
159 
120 
Me~ 
Scpre 
! 
1
·. 68.73 
I ' llf.)1 ~I 
. \ j )2.34 I 
' ! 
l 20.39 I 
I 1 i 
15.54 l 
~· 
15 • .36 
15.08 
~.55 
' 
! 
2'9.67 
64.73 
10.68 
I 
I 
! 
' 
r 
13.Z7 
26.71 * 
10.34 
6.81 
5.07 
5.61 
4.91 
15.10 
17.88 
17.18 
5.66 
TABLE II. THE R.EIMBILITY COEFFICIENTS AND OTHER RELEVANT LATA. 
; 1'1';,, 
.932 
.951 
.9Z7 
.868 
.829 
.857 
.766 
• 679 
.869 
.722 
.8']7 
Number 
f1"J1-If' ,,of boys 
. " in sample 
3.46 
5.90 I 
2.79 
2.47 
2.10 
2.12 
2.38 
8.56 . 
6.47 
9.05 
2.29 
117 
169 
172 
169 
170 
170 
168 
169 
169 
168 
140 
1· Means and standard deviations for the Stanfore-Binet are given in months of mental age. 
Mean 
Score 
l 72.25 
\ 159.501 
l 
j 
J7 .59 
22·.28 
18.89 
18.50 
18.43 
1 5o.81 
! 43.57 
l 76.82 
14.20 
' I 
a-
12.10 
28.85 I 
8.35 
6.28 
4.30 
5.08 
5.51 
13.40 
l 20.28 
I 
I 
12.46 
5.49 
.938 
.946 
.894 
.842 
3.01 
6.691 
2.72 
2.49 
.781 2.01 
J 
.834 
.829 
.(J)O 
.862 
.444 
i 
l 
l 
i 
I 
I 
l 
I 
I 
' 
. I 
2.07 
2.28 
8.47 
7.52 
9.30 
, I 
t .823 l 2.31 
IV THE VAI.IDrfiES OF THE TESTS. 
1, The Meanjpg of' +est VaJ1diW. 
A test :mnst show firstly' that it is a reliable measuring 
device, and secondly, that it measures the f'unotion or ability-
which it is supposed to measure, in other words that it is a 
valid test. Test reliability and test validity are connected 
intimately with one another, the latter being very largely 
dependent on the f'ormer. Garret (l) shows that the upper limit 
of' a test's validity is given by the formula -
= 
r 
cx1 
where r is the correlation between the criterion (c) and 
cxo4 
the true scores x« in the test x
1
, 
,, 
rex is the correlation between the criterion (c) 
' and the test, 
and rx x is the reliability coef'ficient of' the test. 
' . 
Thus it is important to bear in mind that an tmreliable test, 
that is one in which the scores are af'f'ected by considerable 
errors of' measUI"III1eJlt, can never be highly valid. It is not 
(1) Ge.rrett. B.E. •statistics in Psychology and Education•. 
(Longme.ns Green and Co. 1945). p. 327. 
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easy to validate a mental test since the functions or abilities 
which it is supposed to measure are in general not measureable 
in their pure state. It is the practice, therefore, in the 
face of this difficulty to set up a criterion which appears to 
be closely related to these fUnctions or abilities, and to 
cempare the test scores with the criterion scores. The kinds 
of criteria often used are, success in school enmi nations; 
practical achievement in a workshops course, and teachers 1 
eetimates. The correlation between test scores and criterion 
scores provides a kind of validity coefficient for the test, 
but since criterion scores are themsel vee of questionable 
reliability and validity, the validation of tests by this 
method genera.ll.y leads to unsatisfactory results. There is, 
however, another approach to the problem of test validation 
by factorial ana.lysis and the method will be discussed later 
in this chapter. 
2. The Impprt&nce of Geperal Intel J 1 gence. 
The majority of psychologists would agree that intelligence 
can be defined as •innate general cognitive efficiency" (l) and 
that it is distinct from knowledge or skill that is acquired. 
The existence of special abilities is also recognised but their 
exact definition and measurement is still perhaps a controversial 
(1) Burt• Sir,C. 0 Mental and Scholastic Tests8 1947 edition. 
Appendix III. p, 129. 
.iseue. There can be no doubt too, that it is the factor of' 
general intelligence which very largely determines an 
iDdi vidual's level of' achievement in everything he does. 
Al theugh he DIBY possess certain specif'ic abilities and 
through them be induced to take up this or that acti vi t7, 
nevertheless, it is the ubiquitous general factor which 
decides the extent of his success. Thus a great :mnsician 
must have a high general intelligence as well as special 
talent and a 0 stupid8 man with musical ability can never 
become a first-rate artist. The layman bas long recognised 
that there is such a thing as general intelligence and uses 
:many f'am111ar synonyms when referring to it. The teacher 
is also aware that intelligence is general in nature and has 
no hesitation in allocating children to various types of' 
education according to whether they are 0 bright• or "dull 0 • 
It is only in a group of' children of approximately the same 
level of general intelligence, say in the same class in a 
grammar school, that special abilities appear to stand out. 
special abilities in children must not be disregarded howver, 
but must be nurtured with care and attention since it is the 
fundamen;a.J. aim of education to provide the means whereby every 
child :ma.y develop his individual gifts to the fullest extent. 
Special abilities of real significance are, however, not so 
trequently met with among school children as is general.ly 
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supposed, and among the population of boys committed to approved 
schools, anyone with a decided talent in a certain direction 
is very definitely the exception rather than the rule. An 
estimation of a child's general intelligence is therefore of 
overwhelming importance in deciding his potentialities for 
education and training, especially in an approved school. 
3. 1nte111genge as Measured bx Tests. 
Psychological research bas established clearly that when 
a wide variety of tests, ranging from tests o~ simple sensory 
disc:bimination to those involving complex mental processes are 
given to the same group of individuals the correlations between 
the scores obtained are alwys positive. This fact in itself 
is sufficient to justify the assumption that a common factor 
enters into all the tests. It has also been found that the 
tests which correlate most highly with the common factor and 
with independent assessments of intelligence, are those which 
involve the more complex mental processes. Thus it can be said 
that the more complex the process tested, the higher will be its 
correlation w1 th the factor of general intelligence. General 
intelligence therefore wuld appear to be identifiable with the 
0 number, variety and compactness of the relations which an 
individual's mind can perceive and integrate into a coherent 
whole". (l) 
(1) Burt, Sir. c. nMental and Scholastic Tests". Appendix III 
. p. 132. 
When the common element due to general intelligence bas 
been removed from a set of test correlations, small correlations 
will still remain between certain groups of tests. This indicates 
that over and above general intelligence, the testlmeasure group 
factors er special abilities. F1 ml 1 y, each test measure$ 
something which is specific tli itself. To sum up, intelligence 
tests may be said to measure (i) a general ability which enter~ 
into all performances to a greater or lesser degree but highest 
of all into those which require complex relation eduction. This 
general factor is assumed to correspond to vbat the general 
public understands by 11intelligence•. tii) Certain group factors 
vhieh cover verbal, numerieal, spacial, practieal, musical and 
other special abilities. (iii) An ability which is absolutely 
specific to each particular test. 
4. Cemments on the Tests in the Battery. 
The Binet Scale and its various revisions, including the 
1937 revision by Terman and Merrill, were designed by their 
authors to measure intelligence, and although these tests are 
still in popular favour, the items or sub-tests of which they 
are composed have been severel.Jr criticised of recent years. It 
is considered that many of the items in these scales do not 
involve the high mental processes at all and therefore have low 
correlations with 11g8 the factor of general intelligence. The 
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effect of' this, naturally, is to impair the correlation of the 
~st as a whole with the genero,l factor. Cattell (l) further 
considersCtbat these scales are overloaded with lite experience 
and scholastic skill. 
The three verbal group tests can be considered to measure 
the factor of general intelligence and in addition, a special 
factor of' verbal ability. Varying degrees of' verbal ability 
in the individuals attempting such tests can, of course, affect 
their scores. This ditficul ty is got over to a large extenit 
in tests like Progressive Matrices and N. I. I.P. 70/23 where no 
wrds occur in the test material. The items in these two tests 
require mainly the eduction of quite complex relationships in 
terms of shapes and figures and are clearly designed to measure 
general intelligence and nothing else apart from the specific 
factor peculiar to each of them. Recent research (2 ) however, 
suggests that over and above general intelligence, the N.I.I.P. 
70/23 calls into play a special factor of' spatial judgment to a 
small extent. 
The rema1 ni ng three non-verbal group tests V. S .10, T. S. 8 
and Ayclif'f'e I, deal largely with the recognition and imaginative 
manipulation of' shapes and patterns. They were designed to 
measure some kind of' spatial a bill ty as -well as general intel11gence 
(1) Cattell, R.B. 0 AGuide to Mental Testing". 2nd. edition 1948. 
p.XV (Introduction). 
(2) Ji'.mmett. W.G. 0 Evidence of a Space Factor at 11+ and Earlier0 • 
B.J.P.(Stat. Section). Vol. II. Pt.I. March 1949. 
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a:Dd represent an effort on the part of' their authors to meet 
the demand f'or tests which will select those cb:Udren who at 
the age of' 11+ would be more suitable for secondary education 
of' a technical rather than an academic nature. The assumption 
is that t~hose who score highly on •space• tests and poorly in 
verbal tests will natural.l.y' do better at tasks of' a practical 
kind. Alexander 1 s battery and Peel's Blocks Performance test 
are farther efforts by means of manipulative. tests to select 
~tical• rather than •academic11 types of' children. 
Alexander(!) believes firml.y in a factor of practical ability 
but ~ psychologists are sceptical that such a factor exists 
and consider that practical ability is compounded of' spatial, 
mannel, physical and other special abilities. .These tests, 
both spatial and performance, measure mainly the general f'aetor 
of' intelligence and the group factors assumed necessary for 
success in practical work to a very much smaller extent and it 
is doubtful, in view of' this,· whether such tests c~ick out 
the IJ.practical11 types with a high degree of discrimination. The 
evidence in favour of their use f'or this purpose is still 
inconclusive as the recent articles on the subject by various 
authors w:Ul show(2) • Although Spearman's Two-Factor Theory (3) , 
(1) AJ.epnder, W,P. 8 Intelligence: Concrete and Abstract". (1935} 
B. J.P. Monograph Supplement. 
(2} Burt• Sir,C. Part IX, conclusion to the "S,mposium on the 
Selection of' PupUs f'or Different Types of' Secondary Schools", 
B.J.Ed.P. Vol.XX. Pt.I. Feb.l950. pp. 1 - 10 with reference 
to Parts I - VIII of the •symposium" contributed by various 
authors. 
(3) Spea.rman. C. 11The Abilities of' ~~~. (Macmillan 1927). 
with its complete denial of the existence of subsidiar;y 
group factors is now complete:cy- rejected it would seem, as 
Vernon poip.ts out (l), that •in point .of fact Spearman has been 
proved Dll.Ch more :near:cy- right than vocational and educational 
psychologists would wish him to be0 • 
;. Tb@ V•HCiation of the Tests in the Batten by Factor Amlpis. 
The first step in carrying out the process of factor 
analysis 'WaS to calculate all the inter-correlations of each 
test in turn with all the other tests in the battery. Product-
moment correlation coefficients were calculated, the diagonal 
method beiDg used(2). In theory, the product-moment formula 
requires that the variables which are to be correlated shall 
haw a normal distribution, however in practice, it is the 
custom to use this method if the score distributions are reasonabl.J' 
symmetrical or at least do not differ very significantly trom the 
normal distribution. In the present iavestigation no estimates 
were made to find out to \lhat extent the score distributions 
differed from the urmal distribution. They were fairl.J' 
symmetrical in shape in the majority of cases and it ws 
considered that the product-moment formula .would give a 
satisfactory estimate of the amount of agreement which existed 
(1) Vernon, P .E. •The Structure of Human .Abilitiesn. (Methuen 
(1950). p.l5. 
(2) Chpbers: Statistical Calculation (1945) p.;o. 
so 
'6etween the sets of test scores. Tables III and VI give the 
correlations of the distributions of the raw scores tor Juniors 
and Seniors respectively. The scores obtained on Burt's Reading 
Vocabul.ary Test were heavily bunched to the top and (i.e. 
negatively skewed) for both Juniors and Seniors, and it \B8 
considered that the skewing was such that the product-moment 
formula could not be used. It 'WaS decided not to calculate 
the inter-correlations of this test with the other tests in 
the batter,- and therefore, it does not appear in the lists in 
the above mentioned tables. For the same reason Cube 
Construction does not appear in the list of test~ gi van in 
Table VI. In the case of the Seniors the distribution of the 
scores in Progressive Matrices also showed a certain amount of 
negative slanmess, but nevertheless, it \oJaS included. It is 
worthwhile pointing out that Burt 1 s Vocalml.a:ry Test ·was designed 
to provide Reading Ages, and by the nature or its construction 
will altqaya give a negati vel.y skewd distribution when appJ,ied 
to a similar population as that used here. On the other hand 
the· negative skewness of Cube Construction and Progressive 
Matrices when applied to the Senior group, would tend to show 
that these tests do not discriminate higll:cy among the older boys, 
in other words, the older boys all tend to score highly". It 'Will 
be noted that Practical Ability appears only in Table VI (Seniors) •. 
J 
This is of course, due to the fact that o~ the Senior boys 
5). 
~eeived Practical Ability assessments. 
Column 18 in each of Tables III and VI gives the 
correlation which the tests have with the distribution of 
chronological age in the Junior and Senior Groups respect! vely. 
It was necessary to calculate these correlations with age in 
order to apply a correction to the test inter-correlations. 
It two tests correlate with one another and each of them also 
correlates positively with age, then part of the agreement 
between the two sets of test scores is due to the fact that 
each correlates with age. The correction which is applied 
m$kes allowance for the correlation which each test has with 
age and enables the test inter-correlations to be recalculated 
on the assumption that age is constant in the sample which 
provided the test scores. Tables III and VI give the test 
inter-correlations of the raw scores of the distributions which 
are naturall.y influenced by age and Tables IV and VII give the 
values which would be obtained it age were constant in Junior 
and Seniors groups(l). The correlations shown in Tables IV and 
(1) It r is the correlation of the raw scores of test x and y, xy . 
and r , r the correlation which each bas v.i. th the distribution D ~ . 
of chronological age in the sample tested, then the correlation 
of x and y 'With age constant is given by 
rxy (age constant) r r .r = xy-xa ~ P-Jl-r;. 
. VII are those upon which the factor anal..ysis was carried out. 
The correlation which each test has w.:l.th chronological age 
(column 1S in Tables III and VI) is worthy of special comment, 
The first point which stands out is that w.:l. th the Juniors the· 
correlations are positive and quite clearly' significantly' 
different from zero, whereas with the Seniors, the majority are 
small and not signii'icantly' different :from zero. The conclusion 
to be drawn from this is that in the Junior group, older boys 
tend to score higher than 70tmger boys, and in the Senior group, 
chronological age has little effect on the scares, since the 
boys in this group have attained intellectual maturity, and the 
variation of chronological age within the group has 1i ttle effect 
on the scores obtained. This result of course, was to be 
expected. In the case of the Senior boys the exceptions to this 
expected result are the three performance tests and the assessment 
of practical ability wbich still show appreciable positive 
correlatioDS w.:l.th cbroD&logical age. This shows that within the 
Senior group, the older boys dlo better at performance tests and 
in the workshop than do the ;yoUDger ones, and it may be argued 
from this that the level of achievement in practical tasks is 
dependent on age and perhaps experience even after intellectual 
maturity, as measured by the other types of tests, has been 
attained. It will be noted that in both Junior and Senior groups 
the assessments of gene~ intelligence by tbe Housema.sters 
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correlate negatively \lith age •. This is perhaps due to the 
:f'act :f'or some reason or other that the Heusemasters concerned 
tended to UDder assess the elder boys and over assess the 
younger boys. 
The Matrices of' correlation coefficients give'n in Tables 
IV and vn were each factorised by Tbnrstone' s Centroid metbed, 
us:i:ng guessed commpna.J ities (l). Three factors were extracted 
and the leadings obtained are shown .in Tables V and VIII for 
• 
Juniors and Seniors respect! vely. The figures in column I 
(Tables V and VIII) are the loadings of the tests in the cOlBBIOll 
factor. If the battery used contains a wide variety of tests 
and the pepulation tested is sufficiently heterogeneous ~th 
regard to ability (which was the case in the present investigation) · 
the eoJIIIDOn factor is near 17 the same as 0 g•, the factor of 
general intelligence as defined by :f'actor anal7sis. It is not, 
however, the same as 0 g! as Tlmrstone 1s centroid method no:rmal.ly 
requires the factors to be rotated to give psychological 
significance to the bi-polar factors. Rotating the factors 
has the effect o:f' reducing the loading in the first factor, the 
extra variance being distributed 8.1110ng the other factors. In 
Vernon's opinion (2), the classification into the general and the 
bi-polar factors very often gives all the in:f'ormation about an 
(1) 'fhgmsen. Sir,G.H. liThe Factorial .Analysis of Human Abilitya. 
pp. 161 - 170. 
(2) Vernop. P.E. 0 The Structure of' Human Abilities• (Methuen 1950) 
p. 24. 
~is which is required. The writer; a.tter exam1 ni ng 
the rotational possibilities of the factors obtained in the 
anal.yses of the Junior and Senior groups came to the 
conclusion that they were best left in their unrotated 
condition. It was then assumed that the first factor in 
each case approximated to the general factor of intelligence 
and that the loadinga could be regarded as the validity 
coefficients of the tests concerned. 
Column II (Tables V and VIII) is the second factor and the 
loadings obtained show the extent to which the tests measure 
special abilities. It is a bi-polar factor with the verbal 
and educational tests (those with the positive loadings) at one 
end and the spatial and mm1al tests (those with the negative 
loadings) at the other end. This second factor serves to show 
the clear contrast betwen verbal and educational tests on the 
one hanQ. and spatial and mannal test on the other. It is 
interesting to note that the Housemasters 1 assessments of general 
intelligence are grouped with the verbal and educational tests 
in both Junior and Senior groups and that the assessment of 
Practical Abill ty (Senior groups only) is grouped with the 
- spatial and manual tests. This would suggest firstly', that the 
Housemasters are perhaps influenced by verbal ability and 
educational attainment in their judgments, and secondly that 
there is a very clear connection between the spatial and 
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performance tests and practical ability as assessed in the 
workshop. 
Column III (Tables V and VIII) gives the third factor 
obtained which is a turther analysis of the corlliations into 
special abilities. They represent a higher degree of 
differentiation than do the second factor loadings. It 'WaS 
doubtful whether 1 t was strictly legitimate to extract a 
third factor since the correlations were obtained from quite 
small samples, 100 boys in the cas' of the Junior group and 
l35 in the case of the Senior group, 8.IId the correlation 
coefficients obtained had quite large standard errors. It. 
may be, therefore, that the loadings in factor III are 
considerably affected by sampling errors in the original 
coefficients. 
A scrutinY of the validity coefficients of the tests, 
that is their loadings in the general factor (column I, Tables 
V and VIII) shows immediately that the three verbal group 
tests and the Stanford-BiDet Form L are superior to the 
remainder of the tests in the battery. It is most important 
to point out here that to the best of the wi ter 1 a knowledge, 
this is the first occasion on which the Stanford-Binet test 
bas been included for factorisation in a battery of miscellaDeaus 
tests. The results show that it appears to be very little 
different from verbal group intelligence tests. Its loadiDg:. 
in the general factor is about the same and in Factor IT it 
appears to show less dependence on verbal and educational 
attaimlent than do the verbal group tests. The above remarks 
apply to both Junior and Senior groups, and f'l"om this it is 
concluded that the Stanford-BiDet test is success~ 
vindicated as a means ot measuring general intelligence. The 
tour above mentioned tests are dependent to some extent on 
verbal facility and educational attainment and this is show 
by the tact that in Fe.ctor II the positive loadings obtained 
are simi 1 sr in nature to those ot Dictation, Composition and 
Arithmetic. The three latter tests ot educational attainment 
were included in the battery solely tor the purpose of making 
this comparison. It is felt that this question of verbal 
facility aDd educational attainment is important when judging 
whether er not an intelligence test is suitable for use with 
approved school boys; and in view of the loadings obtained it 
is not unreasonabl.~ to state that the Stantord-Binet Form L 
does not appear overweighted in Favtor II. 
With regard to the measurement of general intelllgenoe, 
there is little to choose between the non-verbal group tests 
and it is difficult to decide from the factorial data alone 
which of them bears the highest validity. 
Qf' the performance tests, lObs 1 Blocks stands out alone 
as being a very superior test. 
S7 
At th:1.a stage it is neceSS&I"Y' to say something about 
the . colmim headed 8 h211 , in each of Tables V and VIII. The 
values given in this column are the proportions or the total 
variances or each of the tests measured by factors I, II and 
III combined. For example, in Essential A Table V, 11h28 is 
obtained by summing the squares of the three factor laadings 
of this test. The value 0.846 is the amount of variance out 
of a total variance ot unity which is measured by factors I, 
II and m together. h2 is readily converted to a percentage 
and perhaps the simplest laY of regarding this figure is to 
state that the three factors extracted represent 84.6% ot the 
total variance ot the test. The remainder ot the test 
variance, 15.4% is represented by error and something that the 
test measures which is specific to the test itself. It we , 
consider that factors II and III, 'Which measure special 
abilities over and above the common factor, are of some 
illlportance and should be included in our estimates of test 
validity, then the values given in the 8 h2u column can also 
be regarded as validity coefficients. The contribution 'Which 
the general factor makes to the total variance of a particular 
·test is obtained by squaring the loading in the common factor. 
F'or example, in Es&Sential A Table V, the loading in the CODIIDOn 
factor is 0.842, squared this becomes o. 7CF} or 70.9/o or the 
total test variance. For this particular test, there tore, we 
58 
can say that 70. 9f.. of the variance is taken out b;y the common 
f'actor, but if' we include factors n and III then 84.6,:; of the 
test varianqe is taken out. The use of the values in the h2 
column as validity coefficients makes the assumption that the 
special abilities measured by factors II and Ill are to be 
combined with the general factor in the measurement of 
intelligence. 
6. The Vel1dities bY the Criteria• 
( i) The assessment of genera! intelligence. 
The correlations of the tests with the assessments ot 
general ~telligence are given in collllmn 17, Table IV, for the 
Juniors and in column 16, Table VII for the Seniors. The values 
given are of course those which were recalculated on the 
assmuption that age 'WaS constant in the two samples. None of 
the correlations ~ high but it will be seen at a glance that 
the three verbal group tests and the Stanf'ord-Binet Form L show 
the highest agreement. The smaJJness of the correlations in 
general is perhaps due to the somewhat unsatisfactoey nature of 
the criterion itself. The assessments "WerEI made b;y four different 
housemasters who each assessed approximately one quarter of the 
boys in each of the samples. This in itself would reduce the 
validity of the criterion since it is blpossibls to have four 
independent persons with identical powers of judgment. It would 
~ve been better it the housemasters could have provided 
assessments for all the boys, but this was not possible. An 
attempt w.s made to check the reliability of the house:masters• 
assessments b,y obtaining an independent assessment from the 
Warden of the Classifying School for 54 boys. The correlation 
bet-ween his assessments and those provided by the housemasters 
for the same 54 ,boys was o. 77. 
(ii) The assessment of practical ability. 
The correlations of the tests with the assessments of 
practical ability in the workshop (Seniors only) is given in 
column 17, Table VII. The correlations are low, Kohs' Blocks 
having the highest value of all the tests in the battery. The 
assessments of practical ability were made by the instructor 
are considered to be reasonably valid. Although perfect 
discrimination cannot be expected t.rom~ subjective assessment 
nevertheless, it 'W&S clear to the writer that after wtching 
the boys working for a week in the workshop, the instructor \laS 
veey well aware of the amount of aptitude, sld.ll and ability 
possessed by each boy. The factor analysis (Table VIII) shows 
that the assessment of practical ability is factorisable into 
a comparatively large loading in the general :f'actor and quite 
small loadings in factors li and III. It is to be eJq>eoted that 
the general factor mnst pl.q quite a large pert in success or 
failure in practical tasks, and the small loadings in factors II 
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and m show that whatever are the special abilities which go 
to make up practical ability the;r are not apparentl.;y isolated 
b;y factorising the batter;r of tests along with the subjective 
assessments as far as this particular ~is is concerned. 
--oOo-
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TABLE V. THE UNROTATED FACTORS. (JUNIORS). 
I II III h2 I I - I 
l 
l 
1. Essential A • 842 348 12'7 846 
l 
l 
2. Essential B. 858 336 104 860 l 
I 
1 
I 
3. Simplex. 809 350 088 785 
4. Stanford-Binet (L). 841 188 055 746 
5. Progressive Matrices. 681 -2'74 -233 593 
6. N.I.r.P. 70/23. 720 -131 087 543 
7. v .s. 10. 734 -210 -195 621 
8. T.s. 8. 667 -.3J8 -:L80 572 
I 
9. Aycliffe I. 644 -301 -133 523 
10. P~~salo~ ,%1 -252 211 238 
r -- -- -- -~~- ~- "··- -------
! 11. Kohs 1 Blocks. 700 -463 185 739 
' i 
; 
12. Cuqe Construction. 521 
-414 130 46'0 
13. Blocks Performance. 609 -348 099 502 
14. Dictation. _598 543 -225 703 
l 15. Composition. 516 478 -194 532 
I 
1 16. Arithmetic. 681 213 306 603 l 
I 17. General Intelligence (Ass). 620 201 -.3Jl 515 
l 
I Column totals. 7.922 1.893 .566 10.381 
Percentages of the total 
"'W.riance. 46.60 11.14 3.33 61.06 
(Decimal points omitted from all loadings). i r 
I 
RESIDUALS. I 
After After After ! l 
I lst.Factor 2nd.Factor 3rd.Factor 1 ~ 
~ I t Greater than 3 x std. 113/136 8/1.36 0/136 0/136 ' error 
' ~ i i -' Greater than 2 x std. error 125/136 22/136 0/136 0/1.36 ~ 
!-
Greater than 1 x std. error 131/136 83/136 10/136 8/136 ~ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
-! 
Essential A 1. 
- 886 865 783 62J 548 545 478 501 505 267 334 585 580 731 624 419 
Essential B 2. 
- 879 779 68S 611 571 565 512 551 281 ']70 546 583 748 619 445 
Simplex 3. 
- 765 63) 564 1 529 479 541 510 231 'J71 576 634 765 598 432 
I 
Stanford-Binet (L) 4. I - 534 544 533 540 482 555 264 398 522 576 666 5o/! 440 
Progressive Matrices 5. l - 497 641 579 554 620 461 436 301 338 565 463 462 
N.I.I.P. 70/23 l 6. I 
- 541 547 562 647 'J77 558 282 409 499 476 364 I 
v.s. 10 l 662 5o/! 695 508 356 504 7. ! - 433 320 421 417 l 
T.s. 8 8. ; 
- 533 678 429 489 227 270 451 395 412 i 
' Aycliffe I I 9. j 
- 636 355 529 224 318 396 ']76 407 
Kohs 1 Blocks 10. 
- 478 629 212 321 494 477 525 
Passalong 11. 
- 3'J7 036 103 283 179 243 
Blocks Performance 12. 
- 247 149 324 362 392 
Dictation 13. 
- 625 543 465 161 
Composition 14. l - 566 511 339 
l 
499 364 Arithmetic 15., -
Gen. Intelligence (Ass). 16. 
- 445 
Practical Ability (Ass). 17. 
. .... 
TABLE VII. (SENIORS). CORRElATION COEFFICIENTS OF THE TESTS AND ASSESSHENTS WITH AGE CONSTANT. 
(Decimal points omitted from all correlations). 
TABLE VIII. 
THE UNROTATED FACTORS. (SENIORS). 
1. 
2. 
I 3· 
I 
! 4. 
' i 5. 
' l 
I 
! 6. 
' 
t 
! 7. 
l ) 8. 
I ~ a /. 
I 
110. 
lu. 
.112. 
I 
I 113. 
~ ( 14. 
115. 
116. 
f 17. 
I 
Essential A. 848 
Essential B. f!78 
Simplex. 856 
Stanford-Binet (L) • 815 
Progressive Matrices. 758 
N.I.I.P. 70/23. 724 
v.s.1o. 749 
-, 
T.S. 8. 703 
Aycliffe I. 681 
Kohs 1 Blocks. 770 
Passalong. 437 
Blocks Perfo!'m8nce_ • 5SO 
Dictation. 542 
Composition. 611 
Arithmetic. 765 
Gen. Intelligence (Ass) . 679 
Practical Ability (Ass) • 567 
Column totals. 8.673 
Percentages of the total 51.02 % 
variance. 
II III 
340 151 
269 189 
33) 094 
271 -023 
-164 276 
-165 -113 
-283 089 
-316 092 
-2f!7. 
-047 
-418 -o91 
-'372 186 
--376 _-267 __ 
48~ -129 
423 -215 
267 153 
178 -211 
-1.30 -120 
1.652 .434 
9.72 '% 2.56 1o 
h 2 
859 
880 
851 
717 
678 
565 
649 
602 
549 
776 
364 
561 
545 
598 
660 
536 
353 
10.740 
63.18 % 
(Decimal points omitted from all loadings) . 
RESIDUALS. 
After Arter After 
I 1st. Factor 2nd. Factor Jrd. Factor 
I 127 /136 6/136 -/136 -/136 \Greater than 3 x std. error 
~ 
!Greater than 2 x std. error 1.34/136 24/136 1/136 -/136 ~Greater than l x std. error 135/136 (fl /136 15/136 2/136 
,1 ,, 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
Essential A 1. - 886 852 812 591 5E? 575 514 464 348 470 322 465 705 616 731 469 416 
'• ; 
Essential B' 855 807 '370 ED4 ED3 j 2. - 547 472 328 526 369 430 702 656 727 482 429 ! 
I Simplex 3. 
- 745 562 606 556 480 451 276 440 331 404 732 58? 696 446 357 J 
J Stanford-Binet L 4.: 
- 569 636 571 526 556 284 560 362 557 595 586 640 547 323 ( 
_.,. 
Progressive 1-fatrices 5. ~ 515 592 535 600 382 583 489 519 416 279 453 485 511 
N .I. I.P. 70/23 6. 
-
573 551 543 389 631 354 474 359 J77 551 J71 241 
v.s.1o 7. 
- 685 518 344 622 410 521 472 421 463 333 266 
T .S. 8 8. 
-
579 358 612 380 540 311 356 386 303 296 ' 
i 
l Aycliffe I 9. 
- 274 533 527 481 299 301 367 293 215 l Passa1ong 10. 
- 442 2ED 313 104 146 406 072 294 l 
. j 
I Kohs 1 Blocks 11. 
- 5ffl 647 199 222 452 282 214 1 l 
Cube Construction 12. 
- 539 112 053 284 163 104 
Blocks Performance 13. 
- 216 Z79 400 216 260 
Dictation. 14. 
- 695 569 409 314 
Composition 15. 
- 498 336 436 
Arithmetic 16. 
- 272 369 
Geno Intelligence CA.ss). ! 
- -101 17. ) 
I 
Chronological Age 18. ! 
TABLE III. (JUNIORS). CORRElATION COEFFICIENTS OF THE Tl~TS AND ASSESSHENTS • 
(Decimal points omitted from all correlations). 
IJ, 
1 2 3 4 5 6 7 8 9 10 ·. 11 12 13 14 15 16 17 
Essential A 1
·1- . 862 871 788 483 529 530 451 422 260 429 309 407 665 532 683 565 
Essential B 2. I - 832 781 452 571 562 487 431 234 492 361 365 662 577 677 500 ! 
Simplex 3. i ~ 713 473 573 512 419 410 192 399 317 345 699 513 650 518 : 
Stanford-Binet (L) 4. : ... 496 607 532 476 571 209 531 349 518 546 522 592 616 
Progressive Hatrices 5. 0 
-
470 550 468 583 282 564 510 465 314 072 331 628 
N.r.r.P. 70/23 6. 
- 544 518 518 343 611 341 439 307 311 512 409 
V.S.lO 7. 
- 659 490 289 601 399 486 424 352 407 '375 
T .s. 8 8. 
- 552 297 589 367 502 241 264 312 351 
Aycliffe I 9. 
- 226 511 520 451 249 236 317 324 
Passalong 10 .. 
- 406 241 
I 
257 013 021 335 107 
Kohsl Blocks 11 .. 
- 582 627 142 147 411 313 
Cube Construction 12. 
- 533 084 009 266 176 
Blocks Performance 13. ; 
- 146 191 339 252 
i 
Dictation 14. 
- 653 514 467 
Composition 15 •• 
- 403 424 
Arithmetic 16. ! 
- 334 
i 
Gen. Intelligence (Ass). 17. !. 
TABLE IV • (JUNIORS) . CORRELATION COEFFICIENTS OF THE TISTS AND ASSESSHENTS HITH AGE CONSTANT. 
(Decimal points omitted from all correlations). 
V - . THE READING ABTI.TI'Y NECESSARY TO PRODUCE A 
VALID SCCE.E ON A VERBAL GROUP INTEI.I.Ir.F:BCE TEST. 
1. The f1Mings of' Professor Schppell and. M.A.Mellone• 
The problem of' deciding what level or reading ability a 
child shall have before he can be expected to produce a valid 
score on a verbal group intelligence test, is one which seems to 
have attracted rev investigators in the field. of' educational 
psychology. Schonell (l) states that ch:ll.cfren with reading ages 
tmder Sf years should not be given such tests, and mentions that 
Mellone (2) considers the mininn1m reading age to be 9t years. 
Mellone arrived at this conclusion after testing four small 
samples of' children, the ages of' the children in the four groups 
being 8, 9, 10 and 11 years respecti vel.y. The tests used wre 
the Sleight Non-verbal Intelligence Test, Morp;y Houae Intelllgence 
Test No.26, and the Burt-Vernon Reading Test. The scores obtained 
by the cbil dren were converted to Intelligence Quotients by means 
of' conversion tables. The Sleight test was used as a criterion 
and it was found that the mean verbal I.Q. of the 8 year group 
was depressed somewhat. It was concluded that this was due to 
wrbal difficulties 'With the test material. Since the 9 year 
(1) Scbonell. F.J. 0 Development of Educational Researchn. B.J.Ed.P. 
Feb.l948. p. 14. 
(2) Hell.one, M,A. DReading Ability and I.Q". B.J .Ed.P. June 1942 •. 
pp. 128 - 135. 
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group (and those aboye it) showed no such depression, it was 
further concluded that the verbal test only measured the true 
I. Q. in the 9 year group and upwards. In other words, 9t years 
(the mean age of the 9 year group) is the mininnDD age at which 
a verbal group test should be used to estimate a child's I.Q. 
The writer feels that Mellone 1s work is open to criticism 
in the method used to convert the verbal group test rav scores 
into intelligence quotients. The conversion table :f'or the 
Moray House Test No.26 only allows intelligence quotients to be 
quoted :f'or chil.dren with chronological ages between 10 and 12 
years. The method of' standardisation ensures that the graph of' 
I.Q. against chronological age is a straight line and in order 
to obtain verbal intelligence quotients :f'or the 8 and 9 year 
groups, Mellone extended the graph on the assumption that it 
would still be a straight line do'Wll to the 8 year level. This 
arraDglillDSnt meant that a large proportion or the children in the 
yo'!lllger age groups were given intelligence quotients which vere 
based on raw scores of' less than 10 marks. The writer conSiders 
that such low scores are so invalid that the work of' calculating 
intelligence quotients from them would not appear to be worth 
carrying out. 
Mellone points out clearly the weaknesses of' this part of' 
her statistical a.nal.ysis and goes on to show that her general 
conclusions are not really invalidated by them. 
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2. Th9 Present investigation. 
The writer's approach to the problem w.s different from 
that or Mellone in that inteDigence quotients were not used 
at all. .An attempt w.s made to determine what level of reading 
age was necessary to produce a valid raw score on a verbal group 
intelligence test which is after all the problem in its 
simplest terms. The introduction of intelligence quotients 
was considered to be an unnecessary complication. 
The test chosen for the experiment ws the Essential Form A, 
chiefly because supplies of this test were to hand. The experiment 
was of course, a by-product of the major research into test 
reliabilities and validities. 
It was realised that many of the boys would not be able to 
produce satisfactory scores on this verbal group test because or 
serious reading difficulties. Nevertheless, it was determined at 
the outset that consecutive entrants to the ClassifYing School 
would be tested by it, regardless of whether they could reall7 
attempt the test satisfactorily or not. This plan was carried 
out and altogether 327 boys were tested. The scripts obtained 
from this sample ranged from boys who could not make any score at 
all to those who obtained nearly full marks. 
Before a boy attempted the group test, he received an 
individual practice test which covered the various types of' items 
() 
appearing in the Essential A Test. If after coaching, a boy still 
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hB.d difficulty in understanding the printed instructions 
· relating to the various types of items and the nature of the 
items themselves, it was decided that his readiDg ability was 
such that he would be unable to ·do himself justice in the test 
proper. In other words he wuld be unable to do me.ny of the 
group items through failing to comprehend the printed 
instructions, and not necessar111' because he had poor 
intelligence. By meanB of this practice test it was fairly 
easy to distinguish those who could and those who could not do 
the verbal group test. The decision was of courae a subjective 
judgment to some extent on the part of the person carrying out 
the individual practice test. Although estimates were ditfieult 
in what m:f.gtrt be called borderline eases, all the boys were 
recorded as being 8 Yes11 or 8 No•. Of the total of 327 boys tested, 
it was considered that 94 of them had not the reading ability 
necessary to produce q valid score on the verbal group test. 
This decision was :made in all cases before the l:)oys actually 
attempted the group test. 
The 327 boys comprising the sample were also tested v.1. th 
Burt's Reading Accuracy (Vocabul.ar;r) Test No~l and mental ages as 
obtained on the New Stanford Revision· o:t the Binet Scale (1937) 
Form L, were also available. 
On the completion ·of the testing and the marking of the 
7l 
scripts, histograms were prepared as show on pages 72, 73, 74 and 75. 
.. 
.A glance at these histograms shows that in all three tests, 
the score distributions obtained by the boys who vere 
considered to have insufficient reading ability to produce 
valid scores on the verbal group intelligence test, over-
lapped to some extent with the score distributions of thOse 
who Were expected to produce valid scores. The overlapping 
is accounted .for largely by' the tact that the division of the 
boys into these two groups depended to some extent on the 
subjective (>&.pinion of the person carrying out the individual 
praotj4e test. It the method by which the boys were divided 
into the two groups is accepted as beiDg sound in principle 
then it seems reasonable to assume that the Dtruen line of 
demarkation is at the centre of the overlap. Thus in the 
Essential Form A, scores below about 47 would appear to have· 
doubtful validity. This level of score seems to be ,related 
to a reading age of about 9t years on Burt 1 s test and a mental 
age of about lot years on the Stanford BiDet. 
The empirical approach of the 'Wl"i ter to the problem 
precluded the use of neat and orthodox statistical methods tor 
the treatment of the data. Nevertheless, the conclusion that 
a reading age of 9t years is necessar,y before a· child can be 
expected to produce a valid score on a verbal group intelligence 
test, agrees remarkably with the findings of Mellone. The 
conclusion arrived at b,- the 'Writer is, of course, based on 
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~ 
..0 
'"' 0 j 
Essential Group !nte!ligenoe Tept Form A. 
45~-------------------------------------------------------4 
40 
35 
30 
25 
20 
15 
10 
5 
0 J ~ F ,...- ,- "? <(" #'" < r <;,r-.... -, f""'""P"1 w w I 
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
. Ra~ - Scores. 
25 17 3 1 5 9 7 6 9 5 4 2 1 .. 94 "No" 
3 4 6 14 18 18 42 35 29. 33 19 9 3 = 233 "Yes0 
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-
65 
60 
55 
50 
45 
40 
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i 20 
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I 
J 
~/:;_· 
_t' .. '·~~/> >0·~,~~/ 
.- /,_..._ .L 
':LL-L .. J.. 
40 50 60 70 80 90 100 llO 
Score - Number of words read correctlY. 
27 8 2 1 == 94 11No" 
4 16 31 34 46 61 40 = 233 "Yean 
327 Total 
-
New St§pf9ld Rertsion of' the. Binet SoaJ.e (1937) Form L. 
50 r---~--~DG~~~~~~~~--~-.~------~----~~~~~~----~~ - ---
45 
40 
35 
30 
. 
~ 25 
0 
.a 20 
CH 
0 
I 15 10 
5 
0 
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Mental age in yea:bs. 
2 3 10 14 27 22 9 6 1 = 94 °No11 
1 4 16 40 46 46 35 21 14 4 4 2 = 233 "Yes" 
---------------------------------------------- 327 Total 
= 
results obtained from a sample of approved school boys. It 
is considered however, that experiments on the same lines with 
. 
the normal school popnlation would produce similar results • 
.3. An epgpin into tl1e structure of Essent1tl Form A. 
The conclusion that scores below about 47 on the Essential 
test are of doubtful validit7 is of such a serious nature that 
further enquiey was ·considered to be most necess&17. The approach 
to this nev investigation ms also made empiricall7. The 
procedure adopted was quite str4ightforward. The scripts of all 
the bo;ys wbo attempted the test were arranged in order ot merit, 
then each bo7's script was examined item by item. A description 
of the types of items comprising the Essential test is give# in 
Table II. 
The examination of the scripts brought to light two 
impor6ant facts. Firstly, there was a general temeney for bo79 
to leave unattempted whole blocks of i tams • This suggested 
that the written instructions relating to particular blocks of 
iteiiS were difficult for certain boys to comprehend, and that a 
barrier vas erected which either prevented or deterred these boys 
trom attempting the individual items comprising the blocks. 
Secondly, a large proportion of the boys, particularly those 
with the lower scores, attempted but failed to answer wholl.e blocks 
of items correctly because they had clearly misunderstood the 
instructions. 
76 
T.ABIE IX. 
Blocks of 
Items 
1- 9 
10- 15 
16 - 20 
21 - 26 
~7- 35 
36- 39 
40- 49 
Description. 
Sentence Completion I. 
A missing word bas to be written in the 
space provided. 
Sentence Cgmpletion II. 
A choice of \lOrds to complete the sentence 
correctly is provided and the correct word 
must be underlined. 
Alphabet Items. 
These items deal mainly vith the position 
of certain letters of the alphabet. The 
alphabet is printed above the itelll8 to provide 
a standard situation for their solution. 
Find the smallest. 
Aseries of objects or quantities is 
provided in jumbled order for each item. The 
smBllest object or quantity bas to be 
underlined in each case. 
!jpg the Similar Wprd. 
Multiple choice items in which the word 
similar in meairlng to the given key word has 
to be underlined. 
Always has. 
Multiple choice items in ~ch two words 
describing two properties always posaessed 
by the given key word, have to be underlined. 
OppOsites. 
Multiple choice items in 'Which the word 
opposite in meaning to the given key word has 
to be underlined. 
TABIES II. continued. 
Blocks of 
Items 
50- 53 
54- 57 
58 - 62 
63- 71 
$2- 75 
76 - 80 
81- 87 
88 - 100~ 
Description. 
Three belonging together. 
In each item, 3 wrds which have a clear 
relation to one another have to be under-
lined. A multiple choice is provided in 
each case. 
Two 1 1 ke the f'irst tl:Jree. 
In each item, tbr~e key words are given 
which are related in some way to one· another. 
From a selection provided, two more words 
have to be underlined in each case, ·which are 
themselves related to the key words. 
Miscellaneous Problems I. 
Analogies. 
Multiple choice items based on word 
analogies. 
F1nd the different word• 
In the group of' words presented f'or aaoh 
item all except one are related. The 
different word has to be underlined. 
MisceJJapeous Problems II 
Series Completion .• 
A series is given, and the two next 
consecutive items have to be added in 
each·case. 
Miscellaneous Problems I!I 
When a boy ~rs an individual item incorrect17, a.f'ter 
having adopted the proper procedure f'or dealing with the item, 
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for example, by underlining two words out of the given five 
in the "Always has" items, it is impossible to lmow llhether 
his failure w.s due to lack of reading ability or inadeqll@te 
intelligence. · On the other hand, if a boy fails a whole 
block of items and he has adopted the same wrong procedure 
for answering these items t~ughout, then it seems 
reasonable to assume that he bas not understood what was 
required of him. 
Having arrived at this conclusion, it was decided to 
carry out an analysis of the blocks of items in the Essential 
test to record for each boy those which were "not attempted" 
and those which were 0 not understoodn.. Of the 327 scripts 
obtained, on4" 212 were analysed in this way. The first 19 
scripts were discarded as they bad not been attempted at all, 
and the top 95 scripts (marks ranging from 75 to 97) showed 
that all items had been attempted and the instruction under-
stood correctly. The analysis of the remaining 212 seripts 
is shown in Table X. 
Table X overleaf. 
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fAB!B X THE BLOCK :ff'EM ANALlSIS - Essential Test. 
1 2 3 4 
Blocks of Not Not 
items. Description Attempted Understood 
1- 9 Sentence Completion I 
- -
10- 15 Sentence Completion II 20 2 
16 - 20 Alphabet Items ll 9 
21-26 Find the smallest 20 1 
27 - 35 Find the similar word 23 6 
36 - 39 Always bas ' 21 46 
40- 49 Ojtposites 18 7 
50 - 53 Three belonging together 24 5 
54 - 57 Tw like the first three 21 55 
58 - 62 Miscellaneous Problems I 33 ? 
63- 71 Analogies 36 5 
72- 75 Find the different word 32 6 
76 - 80 Miscellaneous Problems II 33 ? 
81- 87 Series completion 61 25 
88 - 100. Miscellaneous Problems In 35 ? 
The figtn-es shown in· o·cuumns 3 and 4 of Table X have no 
absolute value of course and are relative to the 212 cases 
a.nalysed. It is immediately apparent that there must be something 
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Yrong with the instructions ot items 36-39 °Always bas0 , and 
54-57 11Two like the first three0 • The instructions ot •series 
completion• would also appear to be unsatisfactory, though to 
a lesser degree. These three blocks ot i tams show high value~ 
in co~ 4, and it was interesting to note that boys with 
scores as high as 75 out ot the maximum of 100 showed that 
. they bad not understood these instructions. It is considered 
that this simple method ot analysing items in blocks, is ot 
great importance in test construction as it shows up weaknesses 
which would not be shown up by the normal methods ot item 
ans.J.ysis. It is the custom for the items in group tests, 
particularly' verbal group tests, to be grouped together in 
blocks, and tor tests constructed in this WB.7, an a.ial..ysis such 
as that described above is clearly a necessity. 
In the anal.J'sis of the blocks ot items, the responses 
0 N.A. 0 (not attempted) and "N. U." (not understood) were recorded 
tar each boy in the reduced sample ot 2l2. The responses were 
recorded trom ~cripts which had been iJ,aced in order ot merit 
commencing at the lowest score which was 1 and rising to a seore 
"' 
ot 75. A scruticy of the responses of the lowest scorers showed 
that prdtical.ly the whole ot the test, apart trom the first 
dozen or so items, were not attempted. As the scores increased 
so the proportion ot blocks ot items not attempted was reduced. 
At tile same time, the blocks of items recorded as not 
understood increased. As the score continued to rise the 
0 N.A's0 and •N.U1s 0 thinned out and at a score level of 
between 45 and 50 it could be said that all blocks of items 
had been attempted and all had been understood with the 
exception of 04lways bas•, 8 Two like the first three0 aDd 
0Series completion". For these particular blocks of items, 
the respone 0 N.UU kept cropping up oont1nna1]y and it was 
considered that this 'WaS due to a defect in the manner of 
. 
presentation of these items and not to illlperfect understanding 
on the part of the bC?ys concerned. 
It is considered therefore that the above finding is 
further evidence to support the conclusion that scores below 
about 45 on the Essential test are of doubtful validi t~. This 
statement, which at first glance may appear extravagant, merely 
, indicates that a score of about 45 represents the mi nimnm level 
of ability at which an individual attempting the test can be 
expected to sample all the i terns in the test and show that he 
also understands the instructions. 
--oOo--
VI - TEE REVISION 'OF THE STAJFCED-BINEf SCAlE (1937) F<EM L. 
The Order of' dillicu1 t;y of' the items • 
Many psychologists have expressed the opinion that quite a 
number of the items in this test are not in their proper order of 
difficult:r as far as children in this country are concerned. Burt 
pointed out in 1939 (l) that between the ages of 4 and 14, out of 
the 66 tests, 32 would appear to be misplaced b7 at least one 
year, and further stated that with an externall:r graded scale 
such as this, everything turns on the relative difficult:r of the 
test problems. The standardisation of each problem in terms of 
mental age assumes that the order of di!'ficul;t:r is constant for 
the two sexes, for different social classes, for different ages, 
for different t,-pes of child, and .above all for different 
localities. In view of the fact that the test was standardised 
in the United States, it is not surprising to find that when used 
in this country, certain ~11 es appear. 
In testing a larp, nmnber of approved school bo:rs, the 
writer was able to form certain opinions regarding the order of 
difficult:r of the items as far as their applicatien to approved 
-school bo:rs was concerned. In other words certain items came to 
be regarded as difficult and others as easy. In general it could 
{1) Burt-· Sir.C. nrhe latest Revision 'of the Binet Intelligence 
Testsn. The Eugenics Review XXX 1939 pp. 225 - 260. 
be said that vooabuJ.ary items, items requiring reading or a 
knowledge of the meaning of words were too difficult while 
•Frontier daysa, ttPurse and tielda and 11The sbadowll, wre too 
easy. 
B;r about September 1949, 468 conseou.tive entrants to the 
Classitying School bad been tested by Form L of the Stantord-
Binet Scale(l) and it was deofded to analyse some of the scripts 
to see it the subjective opinions of the writer were confirmed. 
It was decided to group the data in terms ot mental age (2 ) as 
individuals of the same mental age have more trials or attempts 
in common than those of the same chronological age. The 
numbers in the groups taken tor the analysis wer~ as follows:-
,_._ 
Mental age 10.0-10.11 11.0-11.11 12.0-12.11 13.0...13.11 
Number in group 59 61 67 58 
In each of the groups, the proportion ot boys answering 
each sub-test or item correctly was recorded. It was found, ot 
cotn"Se, that the ranges covered by the tour groups were successively 
(1) After May 1949, 'When the testing programme tor research 
purposes was completed, certain of the tests used, among 
them the Stantord-Binet, were continued in use as part of 
the normal process of classification. 
(2) Mc.llf'!&, Q. 0 The Revision of the Stanrord-Binet Scale0 1942. 
Mc.Nemar grouped his data in this way when investigating 
n spread0 in the scale. 
higher up the seale as they progressed from 1 to 4. By 
limiting the items to a rang& from Year IX 1 to Year XIV 6, 
it was possible to record. a response for every boy in all 
the groups. It "WaS assumed that every boy would pass all 
items below his basal year and would fail all items in the 
year above that in which he bad failed all items. From the 
probabilit;y values obtained it was a simple matter to 
calculate the order of difficult;y of the items within each 
group. The orders of difficulty were campared with one another, 
and the order published recently b;y Cole (l). The results are 
shewn. below. The rani: order method for calculating correlations 
ws used. 
XABTE XI -;Rank Correlations of orders ot ditficuJ.tz of the 
S:t;Apford-Binet ScaJ.e (Form L). 
10.0- ll.O- 12.0- 13.0- Cele. 
lO.ll ll.11 12.11 13.ll 
10.0 - lO.ll 
-
.87 .so .70 .71 
11.0 - 11.11 
-
.90 .83 .73 
12.0 - 12.11 
-
.92 .72 
13.0 - 13.ll 
-
.75 
Cole 
-
(1) Cole. R. "An item anal.ysis of the Terman-Merrill Revision of 
the Binet Tests". B.J.P. (Statistical Section) November 1948 
pp.l37-151. 
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From an inspection of Table n it vill be seen that (a) the 
orders ef difficult,- as obtained from the 4 gronps of approved 
school boys teDd to correlate higher amongst themselves than 
each does in turn with the order obtained b7 Cole, and (b) the 
correlations between adjacent groups are higher than between 
remote groups. These results suggest firs~, that approved 
school boys are a special poplll.ation for whom the normal 
that the order of difficult,- of the items varies at different 
levels of mental age, the amount of variation increasing the 
wider the difference in the level of mental age of the children 
tested. 
In order to determine whether the subjective impressions 
of the v.riter, alread,- referred to, had ariy' foundation in fact, 
the orders of diff'icult,- of' the items in each of' the four samples 
were examined ·and an:r items for which the age assignment, according 
to Terman and Merrill, appeared to be incorrect to a marked degree 
were noted. The criterion of displacement ii8.S decided upon quite 
arbitrari17 and items which were displaced b7 an amount greater 
than one year were recorded as being either too easy or too 
diffic'lllt. The result of the analy'sis is shown in Table XII. 
It is interesting to note that the items , which Cole found to be 
displaced are fewer in number and in most cases quite different 
tram those.t"ound to be either too eas,- or too diff'icult according 
86 
. 
"to the order of difficulty obtained by testing approved school 
bo7B • 
.An in8pection of the results shown 1n Table XII indicates 
that tentative conclusions ~can be drawn regarding the 
pattern of difficult and easy items 1n this test, with the 
e:xoeption of the Minkus item which is cle~]J too difficult 
for these boys and the Reading and Report item which is also 
perhaps on the difficult side. The items which, on the evidence 
available, appear to be either too easy or too difficult are 
shown below. 
Too Easy Too Difficult~ 
XI,J Abstract Words I. :t,J Reading and Report. 
K:II,5 Abstract Words II. x,6 Memory (6 mmbers). 
XIII,l Plan of Search. XII,l Vocab. (14 words). 
XIV,J Picture Absurdities III. XII,4 5 Digits Reversed. 
XIV,6 Abstract WOrds III. XII,6 M:i:nkus. 
It is not surprising that the DReading and Report• and 
IIM:inlman items, which require a certain measurable standard of 
accuraC)" 1n Englis~ attaimDent, prove to be stmubling blocks for 
a,pproved school bo7B1 ho-wever, failure at items requiring the use 
of wrds is not general throughout the test as will be seen by 
the tact that three items involving aAbstract Words0 tend to 
be rather easy. 
The easy items, in particular 0 Plan of Search" and "Picture 
Absurdities III", are unf'ortunately placed in the scale as they 
tend to spread out the testing mmeoessaril.T. For instance, a 
child who passes on.l.y one item at the twelve year level and who, 
one might expect had reached his soorillg limit, will often pass 
0 Plan of Search11 am. Picture Absurdities niH which requires 
that he shall go on to attempt the Average Adult level. 
The conclusion then is, as tar as the range of i tams studied 
is concerned, that 'While non-readers and poor readers will 
obviously be penalised on a few of the items, the Stan:f'ord-
Billet test., ·contrary to expectation, cannot be criticised 
severely on the grounds that the material of which it is composed 
is not validly applicable to §pproved school boys. The order of 
difficulty of the items, which is closely related to the age 
assigmaent ~ does however, appear to be somewhat variable, and in 
the case of approved school boys different from that shown in the 
recently published data on the test. It is considered, however, 
that gross errors in the calculation of the mental ages of 
approved school boys would be obviated, to some extent, by 
careful t~sting at the •top end• of the scale and by- extendi.llg 
the range of items attempted to the year above that in which all 
items have been failed. This recommendation wuld apply 
particulArly to a child who .tailed all items in Year Xll. 
!'ABU! m. X - Items too difficult by an SJIIOUDt greater thaD 1 J8&r. 
0 - Items too easy by an amount greater than 1 rear. 
Items. 10.0- 11.0- 12.o- 13.0- Stat. 
lO.ll ll.ll 12.ll 13.ll JourDal. 
!u:!: 1. Paper Cutting I X 
~ 2. Verbal Absurdities II 
.3. Memory for Designs. 
4. ~s. 
5. Gi viDg Change. • 
6. Melllor'7 ( 4 nos. reversed) • 
· I!£ 1. Vooa.bu.l.a.ry (11 words). 
' I· 2. Pictures Absurd! ties n. .
.3. Reading and Reporti X X X 
4. Reasons X 
;. Word Naming (28 points). 
6~ Memory (6 nos). X X 0 
XU::t 1. Memory for Designs. X 
~. 2. Verbal Absurdities III. 0 
.3. Abstract Words I. 0 0 
4. Memory for Sentences IV. 
5. 'Word Naming (.30 points) • 
6. Similarities - .3 things. X X 
I!.s: 1. Vocabulary (14 words). X X 
XII. 2. Verbal Absurdities II. 
- .3. Picture (Telegraph bo)). 
4. Digits Reversed (five • X X 
5. Abstract Words II. I 0 0 6. M:inkus. X X X X 
l!s. 1. Plan .fJS Search. 0 0 
~ 2. Memory for Words. ~ 
.3. Paper Cutting I. f, X 
4. Problems of Fact ~ 0 0 X 5. Dissected Sentences. ~ X 6. Beads II. ~ 0 ~ 
I!£ 1. Vocabulary (16 words). J 0 0 i m 2. Induction. ~ .3. Picture Absurdities III. 0 0 
4. Ingenuity I 5. Orientation Direction ~. 6. Abstract Words II. 0 0 
m- THE MAXDmM PREDICTION OF THE CRITERIA. 
One of'1he :many subsidiary' aims of' this in"Vestigation was 
to determine which of' the large number of' tests in the batteey 
would prow most sui table tor use with approved school boys. 
In this respect the itanf'ord-Binet Scale, Progressive Matrices 
and Kohs 1 Blocks, because of' their high reliability coef'ficienta 
and high loadings in the general factor, stand out above the 
other tests. It is considered therefore, that these three teste 
would themselves form a battery adequate for use in a classifying 
school or similar institution. This conclusion, however, is 
discussed more full.y in the final chapter of' this work. 
With reference only to the sample of' senior boys tested, 
the Stantord-Binet Scale, Progressive Matrices and Kohs 1 Blocks 
have the additional property of' possessing higher correlations 
with the assessments of' general intelligence and practical ability 
than most of' the other tests in the battery (see Table VII ) • 
It the assessments be regarded as criteria, then this tact can be 
~0 
taken as evidence of' the comparatively high validity of' these , 
tests. The actual values of' these correlation coefficients, which 
indicate the extent to which the tests are able, individually, 
to predict the criteria, are not themselves very high. In view 
of' this, the writer considered that it would be worth'Wbile 
investigating whether the general level of prediction could 
be raised advantageousl.Jr by brigading the three tests together, 
each test being suitably weighted. It was decided, therefore, 
to calculate, firstly, the maximum prediction of each of the 
criteria separately, and secondly, the maximum prediction of 
the two criteria together as a compound criterion. In each 
of the former cases, where the criterion is a single assessment, 
mexinnlJD prediction is obtained by- using the regression 
coefficients as test weights (1). In the latter case, where 
the criterion can be regarded as a battery of two assessments, 
weights must be given to the assessments as well as the tests 
in order to obtain marhmm prediction. The method of finding 
sets of weights for both assessments and tests which yield, 
mathematioall.y, the highest possible correlation bet-ween the 
batteries of assessments and tests, has been devised by 
Hotel.liDg(2) (3). By this method, ho-wever, it is likely that 
the weights ·to be applied to the assessments, that is the 
components of the criterion, may not be acceptable on 
psychological grounds, and in actual practice, arbitrary weights 
(1) Th9mson. Sir,G,H. 0 The Factorial Analysis of Human AbilityU. 
Second edition. pp. 87 - 95. 
(2) Hotel11ng, H. "The Most &eti,d'bab;J.e Criterion•. J.E.P.XIVI 
1935. pp. 139 - 142, 
(3) Th4!!1DSon, Sir,G.H. llfhe Mari mum Correlation of Two Weighted 
Batteries•. B.J.P. {Stat,Section) Vol.I. 
Pt. I, October 1947. This article gives 
examples of the application o~Hotelling's 
method. 
9l 
are generally assigned to the assessments. The problem, 
therefore, resolves itself into finding the weights to app~ 
to the battery of tests to give max:Jmum prediction of the 
criterion, the components of which are arbitrar~ weighted. 
For instance, if we have a battery of assessments 
referred to as the •a• variates, and a battery of tests 
referred to as the Db! variates, the matrix of correlations 
may be syJibolised as 
R 
aa 
Furthermore, if weights 11u" are assigned to. the assessments 
and weights 11 -w" to the tests, the above Matrix can be rewritten 
as a pooling square, thus 
u 
w 
u' 
R 
aa 
w' 
from which can be calculated the correlation between the two 
weighted batteries 
u' Rab w 
r = (1) ju'R u • X w'~bw . aa 
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I:r now the -weights u assigned to the assessments are 
fixed according to some psychological consideration it ~ 
be shown that the weights w to be assigned to the tests to 
give •x1mnm prediction can be obtained from the equation 
= {2) 
By substituting in equation (1) for v, it becomes 
r = 
(3) 
u 1R u 
aa 
Equation (3), 'Which gives the maximum prediction, is an 
expression which contains only the observed matrices of 
correlation coefficients Raa, Rab and ~b and the 
arbitrarily assigned values of the assessment weights u. 
When the criterion is composed of a single assessment 
the matrix of correlation coefficients 
1 
reduces to 
r' 
oi 
R 
{u = 1) 
(1) .Pefl. E.A. 0 Prediction of a Complex Criterion and Battery 
Reliability". B.J.P. {Statistical Section) Vol, I. ,Part II 
July 1948. 
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·and the equation for v becomes 
w• = I R-1 r oi 
The maxinnm prediction, or multiple correlation 
r ~ w' roi 
In estimating the maximum prediction of a criterion by 
a battery of tests, whether the criterion be single or 
compound, it is always advisable to calculate the reliability 
of the weighted battery of tests, for, as Thomson points out (l) 
the weights for max:iJnum prediction are different from those 
which give the :maximum reliability. Indeed, the best prediction 
weights may give poor reliability and the best reliability 
weights may give poor prediction. In view of this, in the 
calculations on maxinntm prediction which follow, for each set 
of weights, an estimate of battery reliability is given. 
The M§]jnnpn Prediction of the Assesgment ot Practica1 Ability, 
'I 
Pr.Ab. I St. Binet Matrices Kohs 
Br. Ab. 1.000 
' 
.440 .462 .525 
-- -- ----1 ---·--·--· --·-
St. Binet .440 ., 1.000 .534 .555 
Matrices .534 1,000 .620 
.462 ' 
Kohs • 525 I .555 .620 1.000 . 
(1) Thom@on, Sir G.H. erw.eightiDg tor Battery Reliability and 
Prediction". B.J.P. Vol. XXX 1939-40. pp. 357- 366. 
' 
,)11.( I 
-1. 
r' oi R is calculated by Aitken• s method of pivotal 
condensation(!). 
1.000 .5.34 .555 -1.000 1.009 
.5.34 1.000 .620 -1.000 1.154 
.555 .620 1.000 -1.000 1.175 
.440 .462 .525 1.427 
.715 • .324 .5.34 -1.000 .572 
1.000 .45.3 .747 -1..399 .800 
• .324 .692 .555 -1.000 .571 
.227 .281 .440 .948 
.545 • .31.3 .45.3 -1.000 • .312 
1.000 .574 .8.31 -1.8.34 .572 
.178 .270 • .318 .766 
.168 .170 • .326 .664 
w• = 
I R-1 
r oi = G168 .170 .,326] (2) 
2 
w1r [.168 .170 .• .326] .440 r = = = max oi 
.462 
.525 
r = .569 
max 
A useful check on the above calculation is made by 
applying the wights obtained to the original matrix and by 
BSIPlS of the pooling square, calculating rma.x by an 
• .32.36 
(1) Thog3on. Sir G.B. "The Factorial Analysis of Human Ability". 
Second edition. pp. 92 - 94 and p • .361. 
(2) As the tests are already weighted in the ratio of their 
respective standard de'giations, the weiglxts shown here and 
also in subsequent calculations are not absolute weights. 
9S 
8.lternative method, The stages in this calculation are 
as follo'WB :-
.168 
.170 
.326 
1~000 
·,44Q 
.462 
.525 
1,000 
.0739 
.0785 
.1712 
rmax = .3236 
~ .3236 
.168 
.440 
1,000 
.534 
.555 
.0739 
,0282 
.0153 
.0304 
1.000 
.3236 
= .569 
.170 .326 
,462 .525 
.534 .555 
1.000 .620 
.620 1.000 
.0785 .1712 
.0153 .0304 
.0289 .0344 
.0344 .1063 
.)236 
,3236 I 
The ReliabilitY of the Batten with the Weights which give 
Max1mnm Prediction of the Assessment of Practical .Abi J :1 tx. 
The method of calculating battery reliability, which is 
based on the principle of the pooling square, has been 
described by Thomson<1 >. 
(1) Thomson. Sir G,H. ~~Weighting for Battery Reliability and 
Prediction". B. J.P. Vol. XXX 1939-40 pp. 357 - 366. 
The weights giving maximum correlation are .168 .170 
and .326 but to simplify the calculation they have been 
transformed to 1.000 1.012 and 1.940, which are in the 
same ratio as the original weights. The reliability 
coefficients o,i' the Stanford-Binet Scale, Progressive Matrices 
and Kohs 1 Blocks are respectively .946 .894 and .862. 
The stages in the calculation are as :f.'ollovs:-
1.000 
1.012 
1.940 
1.000 
1.012 
1.940 
1.000 
1.000 
.534 
.555 
.946 
.534 
.555 
1.000 
.540 
1.077 
.946 
.540 
1.077 
1.012 1.940 
.534 .555 
1.000 .620 
.620 1.000 
.534 .555 
.894 .620 
.620 .862 
.540 l.CJ77 
1.024 1.218 
1.218 3.764 
.540 1.on 
.915 1.218 
1.218 3.245 
11.458 
10.766 
Battery Reliability = 10.766 
11.458 
1.000 1.012 
.946 .534 
' .534 .894 
.555 .620 
1.000 .5.34 
.534 1.000 
.555 .620 
.946 .540 
.540 .915 
1.(]77 1.218 
1.000 .540 
.540 1.024 
1.077 1~218 
10.766 
ll.458 
= .940 
. I 
1.940 
.555 
.620 
.862 
.555 
.620 
1.000 
l.(ffl 
1.218 
3.245 
1.077 
1.218 
3.764 
The Myj!!!WI! Prediction of the Assessment ·or General Intelligence. 
Gen. Int. I St. Binet Matrices Kohs. 
j_ 
' .46.3 Gen. Int. 1.000 + .597 .471 ~·-- --- - - -· --· - -·-St. Binet .597 
' 
1.000 .5.34 .555 
.Matrices .46.3 I .5.34 1.000 .620 
Kohs. .477 I .555 .620 1.000 
By the same methods used for the assessment of Practical 
Ability, the following figures were arrived at:-
v 1 = ( .444 .1.3.3 .148] 
rmax = .6.30 
Battery reli.aQility = .961 
Tbe MBJ1mgm Prediction of the Complex eriterion cgmposed of the 
Assessments of General JntelHgence and Practica1 Ability. 
Gen. Int. Pr. Ab. I St. Binet Matrices Kohs l 
' Gen. Int. 1.000 .445 I .597 .46.3 .471 
Pr. Ab. 
.445 1.000 ' .440 .462 .525 
,____ - - - .___.. - - - ~ - .-..- __....... ~ .-...... 
--St.Binet .597 .440 I 1.000 .5.34 .555 
Ira trices .46.3 .462 t .5.34 1.000 .620 
Kohs . .471 .525 I .555 .620 1.000 
l 
-1 Rab ~b is calculated by Aitken's method of pivotal 
condensation. 
1.000 .5.34 .555 -1.000 1.009 
.5.34 1.000 .620 -1.000 1.154 
.555 .620 1.000 -1.000 1.175 
.597 .46.3 .477 1.5.37 
.440 .462 .525 1.427 
.715 • .324 .5.34 -1.000 .572 
1.000 .45.3 .747 -1 • .399' .800 
.,324 .692 .555 -1.000 .571 
~144 .146 .597 .887 
.227 .281 .440 .. 948 
.545 • .31.3 .45.3 -1.000 • .312 
1.000 .574 .831 -1.8.34 .572 
.081 .490 .200 .772 
.178 .270 .,318 .766 
-1 
.444 .13.3 .148 .725 Rab~b 
.168 .170 .326 .664 
w1 = .444 ~ + .168 ~ 
w2 = .133 u1 + .170 ~ 
w3 = .148 ~ + .326 ~ 
It was decided to weight the assessments in the ratio 1 : 1, 
thus the weights becpme:-
w• = 
-1 
hence u 1 Rab ~b ~a u 
u 1 R u 
aa 
rmax 
.474 
-1 
u' Rab ~b ' 
.474, [597 -~u [1] :.J .463 .462 1 
.477 .525 
= 1.390 
= 2.890 
-1 
= u • Rab ~b ~a u 1.390 = 
u1 R u 
aa 
= .694 
2.890 
The pooling square once more provides a useful check on this 
calculation -
~00 
1.000 
1.000 
.612 
.303 
.474 
1.000 1.000 
1.000 .445 
.445 1.000 
.597 .440 
.46.3 .462 
.477 .525 
1.000 .445 
.445 1.000 
• .365 .269 
.140 .140 
.226 .249 
'r = 
max 
.612 
.597 .46.3 
.440 .462 
1.000 .5.34 
.5.34 1.000 
.555 .620 
• .365 .140 
.269 .140 
• .375 .099 
.099 .092 
.161 .089 
2.890 1 • .390 
1 • .390 1 • .390 
1 • .390 
2.890 
= 
.474 
.477 
.525 
.555 
.620 
1.000 
.226 
.249 
.161 
.089 
.225 
.694 
The reliability of the battery with the weights which give 
max1mum prediction of the compound criterion was calculated by 
the method already described, and wap found to be .956 • 
1Ql 
The Weights which. giye Mf!xippm Batten Rellabilitv(l). 
I 
To calculate maximum battery reliability, the test 
correlations are set out in a six by six matrix with the 
test reliability coefficients replacing unity in the diagonals 
of the North~st and South~est sub~trices 
1.000 .534 .555 .946 
.534 1.000 .620 .534 
.555 .620 l.l))O .555 
.946 .534 .555 1.000 
.534 .894 .620 .534 
.555 .620 .862 .555 
The matrix can be represented 
_Aj~~ 
~ 
.534 .555 
.894 .620 
.620 .862 
.534 .555 
1.000 .620 
.620 1.000 
To find the maxinmm reliability, the determiDant 
I CA-lC -~AI = 0 must be solved for A 1, its ?-argestroot, 
since A 1 is the square of the req~d coefficient. 
The evaluation of CA-l C can be simplified by writing 
D = A- C 
Thus CA-lc becomes A - 2D + DA -1,. 
(1) Thom&on. Sir G.H. "Weighting for Battery Reliability and 
Prediction". B.J.P. Vol. XXI 1939-40 pp. 357- 366. 
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• 
DA-~ can be obtained by Aitken's method of pivotal 
condensation. 
The matrix is rewritten 
ldlere D = [· 054 J 
' .106 
.138 
±. 
:n--, . 
The pivotal condensation to obtain DA -ln is shown be1ov:-
1.000 •534 .555 .054 - 2.143 
.534 1.000 .620 .106 2.260 
.555 .620 1.000 .138 2.313 
-.054 -.054 
-.106 -.106 
-.138 -.138 
.715 .324 -.029 .106 1.116 
1.000 .453 -.041 .148 1.561 
.324 .692 -.030 .138 1.124 
.029 .030 .003 .062 
-.106 -.106 
I -.138 -.138 
.545 -.017 -.048 .138 .618 
1.000 -.031 -.088 .253 1.134 
.017 .004 -.004 .017 
.048 -.004 .016 .059 
-.138 -.138 
DA.-l.n .005 -.003 -.004 -.002 
-.003 .020 -.012 .005 
-.004 -.012 .035 .018 
DA-ln = c .o~ -.003 -.0~ 
-.003 .020 -.012 
-.004 -.012 .035 
CA-1c = A- 2D + DA-=1> 
1~ 
· L·ooo .534 .55~ [054 J [·005 -.003 -.004~ 
= .534 1.000 .620 -2 .106 + -.003 .020 -.012 
.555 .620 1.000 .138 -.004 .012 .035 
= 8897 .531 .55~ 
.531 .808 .608 
.551 .608 .759 
It is required to .fi.Dd :the largest root o.f 
(cA-1c _)..AI = o 
that is o.f 
.897 A .531 - .534 ')... .551 - .55~ 
.531 - .534A .sos - ~ \ .608 - .62 = 0 
.551 - .555" .608 - .6201' .759 - ).. 
The largest root A 1 must be betwen the square o.f the 
highest individual test reliability and unity. 
2 That is, bet-ween .946 or .895 and 1.000 
By substituting various values .for ~ and calcula.ting the 
~ue o.f the determi.Dant in each case, the value .for ~ 1 can 
be arrived at by interpolation:-
~= .9500 ~= -.001205 
A= .9250 A= -.000015 
)\= .9248 t:l= -.000013 
A= .9245 A= -.000010 
A= • 924425 ~= -. 000001 (By interpolation) • 
~= .9244 6= +.000004 
"= 
.9242 6= +.000027 
~1 = .924425 
Mftxhmm Battery ReliabilitY = ~ .924425 = .961 
104 
• 
• • 
1
-.0274 
.0374 
.0380 
.0374 ,0380 
-.1164 • 0349 
,0349 -.1654 
The weights which give the: maximum battery reliability of 
.961 are proportional to shy row of the adjugate of:-
~-lc - )11~ 
That is , of ~80 
C/75 
0057 
.0075 
.00,31 
.0024 
.005~ 0024 
.0018 
~Thus the weight;s are proportional to 
1,000 .417 .317 
= 0 
These weights were applied to the six by six matrix 
shown on page 102, and by means of the pooling square, the 
acc~cy of the calculation which arrived at a maximum 
battery reliability of ,961 was cpnfirmed. 
Thomson's method for calculating maximum battery reliability 
used above, is somewhat slowr and more cumbersome than the 
method recently published by Peel (l), and Gu111lcaen(2), in 
discussing the two methods states that "the solution given by 
Thomson oan be sho'Wll to be equivalent to that given by Peel", but 
advocates the use of Peel's method as it is much simpler. 
(1) Peel. E.A. "Prediction of a Complex Criterion and Battery 
ReliabilitY'". B.J .P. (Stat. Section) 1948. Vol.I. Part II. 
pp. 87 - 89. 
(2) ~,,,li'en. H. "Theory of Mental Tests". Chapman & Hall 1950 
p. 3 . 
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_ St11!!!!!!rv of' Results. 
Weights 
Criterion 'l.. 
' 
~ Max:! mum Battery 
St.Binet Matrices Kohs Prediction Reliabilit~ 
' 
Practical Ability 1.000 1.012 1.940 .569 .940 
General Intelligence 1.000 .300 .333 .630 .961 
Practical Ability with 1.000 .495 .544 .694 .956 General Intelligence 
For max11JDJ1D 
Battery Reliability 1.000 .417 .317 
-
.961 
In order that comparisons can be made easily the correlations 
of' the three tests with the twO assessments together with the test 
reliabilities are given below:-
. 
Prediction of' Test 
P. Ability Gen. Int. Reliabilities 
1. St. Binet .440 .597 .946 
2. Matrices .462 .463 .894 
3. Kohs .525 .477 .862 
It will be seen that the highest prediction of the 
assessment of practical ability, by a single test is 
attained by Kohs 1 Blocks with a correlation 'With tbs 
assessment of • 525 and a reliability of • 862. Brigading 
the three tests and weighting them to given maximun 
prediction of the assessment of practical ability, raises 
the prediction to .569 which is not in fact substantially 
higher than that attained by the single test. The reliability 
of the battery is, howver, mnch higher than that of the 
single test. 
The Stanford-Binet Scale is the best single-test 
predictor of the assessment of general intelligence with 
a correlation with the assessment of .597 and a reliability 
of .946. The battery of three tests with each test suitably' 
-weighted gives a maximun prediction of the assessment of .6.30. 
The reliability of the battery is approximately the same as 
that of the single test. 
In both the above cases, the weighted battery bas the two-
fold advantage over the single tests, of giving higher prediction 
of the assessments at an acceptable level of reliability. It 
could be argued from this that the weighted battery bas therefore 
a higher validity in estimating lf.intelligencen. 
The maJdnnun battery reliability of • 961 would not appear 
lCfl_ 
to be a very critical value and in rounding off decimal 
places in the above calculations it can be attained within 
a small range of variation of the weights applied to the 
battery for various purposes. This accounts for the fact 
that the weights which give me"'J!dmum prediction of the 
assessment of general intelligence also give a battery 
reliability of .961. 
The criterion compounded of the equally weighted 
assessments of practical ability and general intelligence 
has a maxirmDD prediction by the battery of .694 which is a 
' 
high value considering the very subjective nature of the tw 
assessments. From the practical point of view, the older boys 
who pass through a classifying school are more or less beyond 
the stage where .further education in the classroom can be 
provi.ded and the main problem in their case is to discover 
potentialities for vocational training. The criterion 
compounded of practical ability and general intelligence, 
would therefore appear to be a useful concept, as f'ar as the 
senior approved school boys are concerned. 
In a practical application of' the results of this 
chapter, wights used would, of course, be whole number as 
shown below:-
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Weights 
1 2 3 
lTediation of St. Binet Matrices Kohs 
Practical Ability 1 1 2 
General Intelligence 3 1 1 
Practical Ability with 2 1 1 General Intelligence 
The technique .of battery weighting having been fully 
explored, the writer is of the opinion that the work described 
above can be regarded as a pilot exploration only of the 
possibilities of using a battery of tests with various wights 
to estimate different aspects of the potentialities of approved 
school boys. The results in general are encouraging though 
it is considered that the implementation of the technique would 
require of itself a major research investigation. 
The technique of battery weighting for maxinnvn prediction 
(or ma;rhmvn validity) has been used in this country principally 
in connection 'With the selection of children for grammar and 
techbical schools (l). 
--oOo-
(1) Peel. E.A. and Rutter D. "The Predictive Value of the 
Entrance Examination as Judged by the School Certificate 
ExBm1nation°. B.J.Ed.P. Vol. XXI Part I. pp, 30 -35. 
February 1951. 
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VIII - SUMMARY AND CCINCim Ict!S. 
1. Th8 Inyestigation. 
A sample of 327 approved school boys who -were 
consecutive entrants to the Aycliff'e Classifying School, 
were iJested b7 a miscellaneous battery of intelligence tests 
and att.a1ment tests. In Addit~on, subjective assessments 
of the boys' general intelligence -were made by the 
housemasters, and in the case of the Senior boys (about half 
the total sample), subjective assessments of practical ability 
in the workshop wre also made. 
The purpose of the investigation was to discover whether 
the intelligence tests used gave reliable and valid estimates 
of the intelligence of' approved school boys and also whether 
certain of the tests could indicate special abill ty in 
practical work. 
No attempt was made to estimate the reliability and 
validity of the four tests of' educational attaillment. These 
were included in the battery to provide information regarding 
the influences which level of educational attainment might 
have in the scores obtained in certain of the tests. 
The tests used wre :-
.. 
11.0 
.-1 
Ps:rch9logical: 
1. Essential Verbal Group Test Form A. 
2. Essential Verbal Group Test Fo:rm B. 
3. Simplex Group Intelligence Test. 
4. Stanford-Billet Form L. 
5. Progress! ve Matrices. 
6. B. I. I. P. 70/23 (Non-Verbal). 
7• V.S.lO. 
8. T.S. 8. 
9. qcliffe I. 
10. Passalong. 
ll. Kobs 1 Blocks. 
12. Cube Construction. 
13. Blocks Performance. 
Attai!l!!!Aut: 
1. Burt• s ReadiDg Test No.1. 
2. Burt• s Dictation. 
3. Composition (Story completion). 
4. Ari thlnetic. 
Assessments: 
· 1. General Intelligence. 
2. Practical Abill ty (senior boys only) • 
For statistical treatment the sample of 327 boys 1118.8 
divided into two parts:-
Juniors - 9 years to 14-t years. 
Seniors - 14-t years to 17 years. 
2. Th9 Test Reli§bilities. 
It was decided that in estimating reliability coefficients, 
it would be advisable to select a method which could be applied 
1ll 
to as JllallY of the tests as possible as this would perm.i t 
valid comparisons to be made between the coefficients 
' 
obtained for the different tests. The Knder-Richardson method 
was therefore selected and it was applied to all the tests 
except Passalong, Kohs' Blocks and Cube Construction. The 
Spli t-balf method was used for Passalong and Kphs' Blocks and 
an analysis of variance method for Cube Construction. 
Coefficients were not estimated for the verbal group tests 
Essential B and Simplex,· as it was assumed they would be of 
the same order as that obtained for Essential A.. The methods 
selected had the additional advantage that the reliability 
coefficients could be estimated by a single application of 
each of the tests. 
The findings were that only three tests in the 'Whole 
battery, Essential Jl, Stanford-Binet Form L and .Progressive 
Matrices achieved a satisfactory level of reliability. The 
coefficients for these tests were all greater than 0.9 for 
boilh Junior and Senior groups. It was noted too, that the 
coefficients of these tests, which were esthlated by the 
' Knder-Riehardson method, were likely to be under-estimates. 
The use of the Knder-Richardson method to estimate the 
reliability of the Stanford-Binet test was considered to be 
something of an innovation. 
Kohs' Blocks obtained a coefficient of 0.87 and it was 
telt that the original form of this test, as devised by KobB 
with 17 cards, would have a higher reliabilit:r than the 
shortenEtd form by Ale:x.a.zlder which was used in this 
investigation. 
The remainder of the tests, it 'WaS considered, failed 
to achieve satisfactory levels of reliabilit:r, mainly because 
they contained an insufficient number of items. Although some 
of them could be leDgthened, certain others, by the nature of 
their material, would be difficult to increase in length. 
Out of the total battery, it could be said that onl.y 
Essential A. (and of course, the other two verbal group tests), 
the Stantord-Binet, Progressive Matrices and the original form 
of Kohs 1 Blocks, proved to have acceptable levels of 
reliability. 
3. The Test Va.lidi ties. 
iil BY Factor Analysis. 
The inter-correlations between the various tests and 
assessments were calculated for both Junior and Senior groups 
and after the effect of chronological age had been removed, the 
matrices of correlation coefficients were factorised by 
Thurstone' s centroid method, three factors being extracted in 
each case. 
It 'WaS hoped that the factor patterns wuld permit 
rotation to give, in the case of the Senior boys, clear 
evidence of a connection in the third factor between the 
performance tests (and some of the non-verb8.1 tests) and 
the assessment of practical abili t;y. The standard errors 
of the correlation coefficients were high due to the small 
numbers in the two samples and it was doubtfa.l if it was 
strictly legitilllate to proceed with the extraction of the 
third factor. It was decided, therefore,, to leave the 
factors in their unrotated condition. In the case of the 
Senior group, therefore, it was not possible to provide 
clear evidence that the •space• and performance tests did 
-in fact measure practical ability. It was noted, however, 
that the assessment of practical abilit;r appeared at the 
negative •end• of' the second bi-polar factor along with the 
non-verbal and performance tests. 
' 
AB rotations were not performed, this meant that factor 
one in each analysis was not, striot]J speaking, identifiable 
with 0 g•, the factor of general intelligence. It ws 
considered, however, that in the unrotated condition, firstly, 
valid comparisons between the loadings of individual tests 
could still be made, and secondly, it 'WOuld not be completely 
unjustifiable to regard factor one in ea,ch case as approx:illating 
to 0 g" and the loadings as validity coefficients of the 
individual tests. 
The three verbal group test and the Stanford-Binet test 
stood out above all others with loadings of about 0.85 in 
the first factor for both Juniors and Seniors. 'fo the best 
of the writer's knowledge, the Stanford Binet test bas never 
before been analysed in a battery of miscellaneous tests. 
A scrutiny of the loadings in the three factors obtained 
showed that this test was not real.ly' distinguishable from 
the three verbal group tests as far as the factor anal.ysis 
w.s concerned. 
'l'he non-verbal group tests all obtained loadings in the 
first factor of' the order of' o. 70. Among the performance 
tests K0hs 1 Blocks obtained a loading of' 0.75 which was 
considerably higher than those obtained by the other 
performance tests. 
The seoond factor {a bi-polar factor) showed clearly' the 
dichotomy between the verbal and educational teste on the one 
hand, and the non-verbal and performance tests on the other. 
The assessment of general intelligence appeared grouped with 
the verbal and educational tests, While the assessment of 
practical abili t7 appeared with the non-verbal and performance 
tests. 
The third factor (also a bi-polar factor) possessed small 
loadings and it w.s considered that the7 were too unreliable 
for definite conclusions to be drawn from them. 
115 
(ii) Bx the Criteria. 
The correlations of the teste with the assessment of 
general intelligence were comparatively small, being highest 
with the tests which proved themselves to be the most reliable 
and to have the bighest loadings in factor one. The smallness 
of the correlations was in general, disappointing and it was 
felt that the manner in which the assessment had been made was, 
w::lhappily, not entirely satisfactory. It -wB.e realised in 
asking the housemasters to assess general intelligence on the 
basis of the • common-sense8 shown in the daily routine, that 
they had been given a difficult task. In such a popalation as 
this, the factors likely to mislead an observer are numerous, 
and it was concluded that estimates by persons made solely tram 
observation of boys in the daily routine should be accepted 
with some reserve. 
The assessments of practical ability which were made by 
one person after observing the boys' efforts at various practical 
. 
tasks in the workshop, it we considered must provide a 
reasonably satisfactory criterion of practical ability. The 
correlations which the tests obtained wzt th the assessments 
showed that the tests were not able to predict practical abilitY' 
to any great extent. It w.s considered that in this case the 
fault ~ chie~ with the tests rather than the assessments, 
as it was noticed that the test/which obtained the highest 
correlation with the criterion 'W8.S Kohs ' Blocks, which was 
also the most reliable of the aspace8 and performance tests. 
The writer's conclusion is, therefore, that before practical 
ability, as such, can be predicted satisfactorily by means 
of tests, test constructors mnat produce tests which not 
only have the elements of aspace0 and performance in them 
but must also be highly reliable measuring devices. 
4. Readipg Ability and Verba! Qroup Tests. 
Using the Essential Verbal Group Test Form A, an attempt 
was made to determine the minimum reading age at which a boy 
can be expected to produee a valid score on the test. The 
scripts of some 200 boys were examjned item by item and it 
was discovered that a reading age of about 9i years on Burt's 
Reading Test No.1 was required before a boy possessed the 
necessary ability to attempt all the items in the test. The 
writer considers that before a child can produce a valid score 
on such a test he must at least, be able to attempt all the 
items in it. 
This conclusion raised a further problem, in that a large 
ntDilber of boys clearly misunderstood the instructions relating 
tovhole blocks of items and thus failed all the items in the 
block or section. The writer suggests that when such tests are 
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being constructed, as well as an item analJrsis, an investigation 
into the efficiency of the instructions should always be carried 
out. 
A very pradtieal result of this particular investigation 
was the conclusion that verbal group tests of intelligence are 
very limited in their application to approved school boys, as 
I 
about one third of them are unable to do themselves justice on 
such tests because of backwardness in reading. 
5. The Strn]ford-Binet Test, Form L. 
The orders of difficulty of the items from Year IX 1 to 
Year XIV 6 were calculated for four groups of boys. Each 
group 'WaS composed of boys of mental ages as follows :-
1. 10.0 
2. ll.O 
3. 12.0 
4. 13.0 
10.11 
11.11 
12.11 
13.11 
The orders of difficulty obtained were compared with each other 
and with the order of difficulty published recently by Cole. 
Rank order correlations showed that the orders of difficulty 
changed with increasing mental age and also that the •approved 
school• orders of difficulty correlated more highly" amongst 
themselves than they did with Cole's order of difficulty. 
A further investigation of the items which, from the point 
of view of approved school boys, appeared to be displaced in the 
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erder of difficulty showed that in general approved school 
boys have difficulty witij. items involving reading and 
especially with the ~nh1s item. 
The above findings suggested that (a) the assumption 
(fundamental to any test in 'Which the items are assigned a 
fixed mental age level) that the order of difficulty does not 
c)lange at different age levels,· is untrue, (b) the test 
depends to some extent on scholastic attainment especiall.y 
English, and with approved school boys, who are in general 
very backward in reading, an UDder-estimate of general 
intelligence will perhaps be obtained in a large number of 
cases. 
6. The Mgpm1m Prediction of the Criteria. 
The Stanford-Bine.t Test, Progressive Matrices and Kobs' 
Blocks were brigaded together to form a small battery, the 
purpose. of which was to determine whether by weighting the 
tests, the predietion of the criteria, formed respectively 
of the assessments of general intelligence and practical ab~ty, 
could be improved. These tln-ee tests vere selected to form the 
small battery because of their apparent high reliability and 
validity. 
The weights for aEDdmum prediction were used and it vas 
noted that not only was the level of prediction of the criteria 
improved but that the reliability of the battery -was also at 
an acceptably high level in each case. 
~he conclusion arrived at by the writer from the results 
of this pilot investigation was that in oases where a reasonably 
satisfactory criterion can be established, the use of a 
-weighted battery bas considerable advantages in prediction and 
possible reliability over a single test, and that further 
research into the practical applications of the weighted 
~tter;y technique could be profitably undertaken in a wide 
variety of fields. 
7. General ConcJrusions. 
The imrestigation showed that contrary to expectation 
approved school boys do in general apply 1;pemselves 
satisfactorily to intelligence tests. This is borne out, 
f1rstl1, by the high reliabilities obtained for a number of 
the tests, in particular the verbal group intelligence tests 
which were considered to be relatively unattractive to 
approved school bo;ys, and secondly, by the subjective 
impressions of the writer and his colleagues. The general 
impressions gained was that the majority of boys co-operated 
and were anxious to do as well as they could in the testing. 
This conclusion is somewhat different from vbat other 
persons who have tested delinquent c~n have found, and 
12.0 
it is suggested tbat the reliable results obtained in the 
present investigation are in a large measure due to the 
generaJ.l7 pleasant and friendly atmosphere in the Classifying 
School. .Anti-social attitudes and behaviour and states of 
emotional amd.et;r or maladjustment in approved school boys 
are in the main due to extrinsic factors in the past 
environment. In the Classifying School, the spot-light of 
sympathetic individual attention is focussed on them from the 
moment they arrive in the school and the response which the;r 
make is immediate almost without exception. The testing in 
this investigation was carried out by persons who bad worked 
and pla7ed with the boys thus the relationship between staff 
and boys conducive to good rapport was actually established 
before the testing situation ~ approached. 
It is considered that psychologists and psychiatrists to 
whom delinquent children are brought for assessment in child 
guidance clinics and hospitals are at a great disadvantage and 
it is not perhaps surprising, since the children are faced with 
the ordeal of an interview with a strange person in a strange 
place, that test results are sometimes found to be unreliable. 
It is considered, therefore, that the residential and 
semi-informal 0 set-upn in a claf3sifying school provides almost 
deal conditions for the carrying out of psychological work 
with delinquent boys. 
The tests in the battery which proved to be acceptably 
reliable and valid were, the three verbal group tests, the 
Stanford-BiDet, Progressive Matrices and' Kphs 1 Blocks. 
Unfortunately the verbal group tests have a limited use with 
approved school boys as anything up to one third of them are 
unlikely to be able to produce valid scores because of 
reading ditf'icul ties. Furthermore, few verbal group tests 
are standardised for chronological ages greater than about 
12 years. 
The Stantord-Binet test stands vindicated as havillg high 
reliabill ty and validity and proves to be a useful psychometric 
tool. Nevertheless, it stands very much in need of revision 
and re-standardisation for use with children in this country-. 
Progressi• Matrices and Kohs 1 Blocks also pro'V&d 
tsemsel ves to be acceptably reliable and valid for both Junior 
and Senior groups. These two tests together with the Stanford-
BiDet test form a small battery which the writer considers to 
be most adequate for measuring ~he general intelligence of' 
approved school boys. 
--oOo-
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APIENDII I. 
SIECIMEN OF CARD 1 AYCLIFFE I. 
It is required to find the mirror image of the shape 
shown on the left hand side of the card. 
The top row is used for demonstration purposes. A pieee 
of cardboard cut in the shape of the required mirror image is 
used to demonstrate and this is turned over like the page of a 
book and placed in the blank space on the right of the specimen 
shape ~iven • 
... 
.1. 
l. 
127 
APmiiDIX n. 
BEUll IS A ·SPECIMEN OF THE 0 00TRUCTIONS0 GIVEN TO HOOSEMASTERS 
TO GUIDE THEM IN MAKING THE ASSESSMENTS OF GENERAL INTELLIGENCE. 
•The Housemasters of the Classifying School are asked to 
contribute to the investigation by making subjective estimates 
of the intelligence of all the boys wo pass through their 
respective houses. The estimates will be given on a 15 point 
scale as shown below:-
M.D. 
Very 
Dull 
Below 
Average Average 
Above 
Aveage 
Very 
Superior Superior 
Indeed. 
-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 
AVERAGE ABOVE. 
A_ few suggestions about the correct use of the scale may be 
helpful. The estimates must be subjective estimates based solely 
on observations of the boys during their residence in the house. 
By 'Watching the 'WaY they cope with the daily routine, by talking 
with them, world.ng and playing with them, it shouJ.d be possible to 
form some idea of the amount of •gumption°, 0 brains0 or 0 cammon 
sensen that each possesses. 
A. word or tw of 'WS.l'1li.ng is perhaps necessary. Care must be 
taken not to over-score a boy who bas an attractive appearance, pr 
who is quiet, biddable or co-operative, or who is a facile talker. 
• 
On the other hand, of' course, the 'Ullder-scoring of' those "Who are 
reticent or non-co-operative must be guarded against. Personal 
likes and disl.ikss too, llltlSt not be allowed to influence 
judgment. 
The age of' the boy f'or whom an estimate is being made, is 
an illlportant factor to be considered .. · The younger ones cannot 
be expected to be as knowledgeable about things in general as 
the older ones. Therefore, some allowance must be made f'or age, 
otherwise . the younger boys would be under-scored and the older 
ones perhaps over-scored. Finally, it must be stressed that 
on no account must scholastic attainment or the results of' 
previous or current mental tests be allowed to influence the 
assessments. Indeed, it would be better if' housemasters alloved 
themselves to remain in ignorance of' a:rq test results until 
arter they had made their own assessments. 
In actually using the seale, the soundest way is, first of' 
all to decide whether a boy is .&VERAGE, ABOVE or BELGI, and 
having decided this, to consider his placing within the selected 
range. It is very advillable to .look at the printed scale while 
making the placement. 
The groupings on the scale refer of' course, to the 
distribution of intelligence in the wpole population and not to 
the Aycli.t'f'e standards. 
It DlllBt not be thought that since the majority of' boys 
Passing through the Classifying School appear to be on the 
dull side, that boys at the top end of the scale do not also 
crop up .from time to time. At the other end of the scale, 
categor;r 1 -71 (Mentally deficient) must be given if the 
housemaster considers this to be the true category, wbat4lver 
- . 
might be the official opinion of this particular boy's mental 
state. The estimates on the scale will therefore cover the 
llhole 15 points but will tend to bunch near the average 
mark". 
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APPENDIX III 
Name ••••••••••••••• 
Date •..•••••.•••••. 
A HOLIDAY ADVENTURE. 
One fine day during the holidays, I set out to eXplore a 
big wood near my home. As I was walking through the wod I 
came across a broken-down cottage. Part or. the roof had fallen 
in, the door 'W8S missing, and most of the window panes were 
broken. It looked as though no one had lived there for a long 
time. When I loomd through the doorway, however, I 'WB.S very 
surprised to see a pot cooking on a fire in the middle of the 
floor. Just as I was about to peep in at the 'Window, I beard 
someone coming through the wood behind me, so I hid behind a 
bush to see who it might be. ______________ _ 
131 
